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INTRODUOTOEY NOTICE. 



The present work has been prepared in answer to munerous 
applications to the Author from persons engaged in tuition 
to provide a short and easy text-book of Physical Geography 
for the use of students in the various schools throughout 
the United Kingdom where this subject is taught. For 
junior pupils in these schools the Author's larger work on 
Physical Geography has been found too costly and too 
difficult. A new edition of this larger work, revised and 
expanded, is published with the present volume, at a reduced 
price, but the necessity for a simple text-book remained. 
It is hoped that this want is now supplied. The number of 
students in Physical Geography is so large, and increases so 
rapidly, that it is quite unnecessary to point out the great 
value of this deparbnent of science as an educational sub- 
ject. This is now fully admitted throughout the kingdom. 
It remains only that the instruction should be sound, and 
that the subject should be rendered as simple and easy as 
its nature admits. With this view a Glossary of technical 
words has been introduced. 

It must be needless to point out that the Author's larger 
treatise is in no sense superseded by this class-book. The 
present outline Is not a mere abstract, and when its con- 
tents are mastered, the advanced student must attack the 
more complete work. There are few subjects more gene- 
rally interesting, more definite, and more useful to every 
one than Physical Geography, and few are better fitted for 
class instruction. At the same time, an intelligent and 
energetic person can, in case of need, easily master its dif- 
ficulties alone, and teach himself all that is to be known by 
books. As a science it offers both facts and inferences, and 
it also involves general principles. 

D. T. ANSTED. 

83, Brunswick Square, London, 
15th September, 1868. 



FIRST LESSONS 

IN 

PHYSICAL GEOGRAPHY. 



CHAPTER I. 

THE EAETH AND ITS HISTORY. 

It is very desirable that those who live on any part 
of the earth should know something of their own 
country, and also that they should be able to com- 
pare its climate and productions with those of other 
countries. To an Englishman, who lives on an 
island favoured with a mild but rather damp climate, 
who finds growing and living around him a certain 
limited variety of plants and animals, and who knows 
that comparatively few of these are native to the 
soil, but have at various times been introduced from 
abroad (where, however, some of them are not pro- 
duced to such perfection as with us), it is especially 
useful to know what is the state of things in these 
matters elsewhere. His attention is thus directed to 
other lands at a distance, whether in Europe, Asia, 
America, Africa, or Australia. He lives by commerce 
with these distant lands. He obtains their products 
and supplies them with much that they need. In all 
of them he has important interests. His travels for 
amusement or on business, his trade, and the many 
communications he is forced to make, all render it 
desirable that he should know as much cJaovv^^Sassov^is^ 
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possible. Their climate, soil, and productions differ 
so greatly, and their inhabitants are so dependent on 
these and on geographical position, that the cause 
and extent of these differences become an inquiry 
worthy of careful research. 

This Idnd of research is called Physical geography. 
It is not the same thing as geography in the old 
sense of the word j that branch of knowledge is now 
called descriptive or political geography, and has 
reference chiefly to the artificial divisions introduced 
by man, and to the towns and villages bmlt by him. 
It refers to rivers and seas, lofty mountain chains, 
vast plains, deserts, and valleys, but only so far as 
they afford means of communication, interrupt pro- 
gress, affect trade, and separate human families. 

By Physical geograpty we may understand the 
various natural relations of cause and effect that 
belong to the surfece of our globe. It describes the 
distribution of land and sea, and, so far as can be 
determined, the causes and results of this distribu- 
tion. It treats of the properties of water, and the ex- 
tent of surface covered by it ; the depth of the ocean, 
the tides and currents, and the nature of the sea- 
bottom. It considers the nature and extent of the 
air that floats over the general surfece ; it discusses 
and explains the mutual influence of air and water, 
the nature of climate, and the circulation of water 
through the air, and upon and beneath the earth. 
Besides these important points, it includes all that 
relates to the distribution of life and other pheno- 
mena, some of which we shall have occasion to allude 
to in these pages, and others that must for the pre- 
sent be deferred. It is enough to show now how 
much Physical geography teaches concerning many 
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matters that seem yerj simple, but that greatly 
influence the earth as a habitation. 

The earth is a globe or ball, shaped something 
like an orange, and constantly spinning round like a 
humming-top. The peg of the top and the stick on 
which, it is wound up represent what is called the 
axis of the earth, and the two ends are the poleiEl. 
The earth, revolyes round its axis in the way that l^e 
top reyolves round the stick* The line on the earth 
corresponding to that round the middle or largest 
part of the top is called the equator. The time 
taken for the earth to spin once round on its axis is 
a day, or twenty-four hours ; and as the length of a 
line stretched round the earth in its middle or largest 
part is about 24,000 miles, it is clear that an object 
placed on the equator, and moying with the earth, 
proceeds at the rate of 1,000 miles an hour. If we 
imagine a number of rings, of different sizes, dropped 
on the top which represents the earth, while it is 
spinning, the largest will go nearest the middle or 
eqaator, and the smallest will remain parallel to 
it, and near the point where the stick comes through 
the top, which we have called the pole. The dis- 
tance round each ring is the distance travelled by 
anything placed upon it, during one turn of the top. 
The distance is less as the ring is smaller. On the 
earth also, in proportion as we are more distant from 
the equator, the number of miles travelled per hour 
by any one on the surface is lessened. At the poles 
there is no distance travelled at all. 

But the earth, besides spinning round like a top, 
also moves round the sun. If a child were to spin a top 
while seated in a merry-go-round at a fair, the move- 
ment of a fly or other small insect on thja tos^-^^s^i^ 
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nearly represent the movements of a person or place 
on the earth. Such motion is performed entirely 
withont any sense of motion to him, and even without 
his knowledge, and without at all affecting his place 
in reference to other objects near him on the earth. 

We need not stop here to consider the complica- 
tions of these movements, but it is very desirable 
that every one should have an idea of their general 
nature before beginning to study Physical geography. 
The sun is represented in our rough illustration by 
the machinery that sets the merry-go-round in 
motion. Now the distance of the sun jfrom the earth 
varies a little, but averages about 91i millions of 
miles, and the time taken bj' the earth to go once 
round is one year, or 365 days. The earth, therefore, 
moves round the sun at the rate of about 65,500 
miles an hour, or more than 1,000 miles a minute. 
This vast speed is altogether unfelt, and the whole 
movement is consistent with perfect relative repose 
in the individual dwelling on the earth's surface. 

The earth is accompanied by the moon, which 
moves round its axis like the earth, and round the 
earth as the earth does round the sun. The moon 
reflects light from the sun, and by its nearness, in 
proportion to the sun, it exercises considerable in- 
fluence. It is the chief cause of the tides of the 
ocean. 

It is impossible that the dead matter of which the 
earth, the sun, and the moon are composed should 
perform all these motions, keeping in their respective 
places in space from year to year and century to cen- 
tury, without some powerfal ruling cause. We do not 
here speak of the great First Cause, to whom their 
priginal creation is due, but of those laws imposed 
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on aJl matter, in obedience to wMcli the great syst^i 
is upheld. Nor is it meant when we thns talk of 
natural laws that there is any very traceable resem- 
blance in them to those laws which are contrived to 
regulate men's morals or punish those guilty of 
offence. The great laws of nature are not of this 
kind. A law is understood to involve an obligation to 
obedience, or submission; the expression is used be- 
cause there appear to be certain results following with- 
out fail certain causes ; so that, the effect being invari- 
able it is due to an obligation or necessity. Thus it is 
a fact of universal experience that if one mass of mat- 
ter in motion come in contact with another, whether 
both are in motion or one at rest, motion appears to be 
checked or stopped. The motion is not really destroyed, 
but being changed into something else, and not recog- 
nized, it is lost sight of. If we trace it carefully we 
shall find that this something is generally heat, and 
that after a time the heat also is dispersed. This 
again, however, is not lost. It acts on other matter, 
and thus reappears as motion. Or it appears in some 
other form. That which produces motion is called 
force. Force is everywhere and at all times being 
exerted throughout the universe, and cannot be 
destroyed. A man uses force to lifb a heavy stone 
into the air, and must exert force to keep it there. 
The reason why he must exert force to keep it up 
is, that the earth, which is a greater mass than the 
stone, attracts or draws the stone towards itself by a 
force called the force of gravitation. This attraction 
of matter to matter, by the force of gpravitation, 
keeps the whole universe in order. This is a law of 
nature, and thus we get an idea of the great law of 
gravitation, 
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Again, when force is suddenly checked and con- 
verted into heat, it tends the other way, and keeps 
the particles or atoms of e^ch body asnnder. This 
is sometimes called repulsion. There are thus two 
modes in which force is exercised in nature : one is 
by attraction, or bringing together atoms or groups 
of atoms forming solid or fluid bodies ; the other ia 
by repulsion, forcing apart or separating the atoms 
once brought together. If one alone should act ex- 
dusively, so that the other could not act, the order of 
nature would be at an end. If there were no force 
of gravitation, the atoms would keep asunder, and 
never form a liquid or solid at all. If there were no 
heat, the atoms must become compacted into one mass, 
without interval. As far as we know these are im- 
possible conditions, and the two forms of force, gravi- 
tation and heat, always act and are always displacing 
and replacing each other. In the first establishment 
of the interchange of these forms of force appears to 
have consisted the great act of creation, the forma- 
tion of a system governed by certain ;^mdamental 
principles. These principles are ftirther illustrations 
of what is meant by the laws of nature. 

Our earth is in such a state with regard to this 
balance of forces, that whilst the great mass is either 
absolutely solid throughout, or is encased with a 
solid crust of unknown thickness, there is a consider- 
able quantity of water filling up to some extent the 
irregularities of the surface, and a large quantity of 
mixed gases, neither solid nor fluid, floating over all. 
These gases consist of matter in such a state as not to 
be seen or felt. In this state it nearly corresponds with 
steam in its properties, except that it does not con- 
dense into fluid by any known amount of cold. Such 
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mixed gases, in the proportion in which they occur on 
the earth's snrfaoe, we call air, or " the atmosphere," 
or sometimes "atmospheric air." The atmosphere 
forma a vefl or shroud, entirely covering earth and 
water to a distance of many miles from the surface. 
It is of snch a nature that many other substances 
can exist in it, and apparently form part of it, though 
really independently of it. In this sense it is said 
to contain vapour of water, the various gases that 
arise from the changes of living beings on the earth, 
the poison derived from decaying animal and vege^ 
table matter, the odours of flowers, and many other 
substances, some solid, some fluid, and some gaseous* 
But the atmosphere is an important and material 
substance, though neither to be seen nor touched. 
This may be proved easily by removing it from any 
weU-enclosed space, as from a copper box with a yery 
thin cover. The pressure may then be measured by 
the depression of the surface of the cover, if it is 
sufficiently elastic ; and on this principle is constructed 
the instrument called " the aneroid barometer." The 
common barometer measures the weight or pressure 
of the air in a somewhat similar way, by the use of 
the fluid metal mercury, held in a long glass tube, 
closed at one end, and placed with the open end 
downwards in a small cup of mercury. The tube 
being longer than sufficient to counterbalance the 
whole weight of a column of the atmosphere of the 
same size as the column of mercury, the fluid descends 
in the tube till the two weights exactly balance each 
other. As the air is constantly changing in pressure 
or weight in our climate, the thin cover of the box 
and the mercury in the tube are constantly rising or 
falling, and the amount may be measured. In some 
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countries, where the pressure of the air varies very- 
little, the barometer rarely indicates any change. In 
other countries a change to the extent of one-thirtieth 
part is not unusual. Sometimes the change is much 
greater. 

Besides the three familiar conditions of solid, liquid, 
and gaseous matter (or of earth, water, and air), there 
are other indications of the activity of matter, other 
forms in which force presents itself. Light as well 
as heat is a form of force. Electricity and magnetism 
are forms of force. Chemical action is a form of 
force ; and even life itself, or vital action, so far as it 
can be understood, and so far as it is connected with, 
and dependent upon, matter is another form of the 
same ever-present force. We are not here speaking 
of intelligence, but simply of life in its relations with 
matter. 

The actual elements, or those substances in nature 
which appear to be absolutely simple, and are not 
made up of others, are for the most part only to be 
obtained with great difficulty by the chemist in his 
laboratory. They rarely exist in nature unmixed 
with other substances. Many of them, however, are 
found in the earth in a nearly pure state. Such are 
sulphur, carbon (the diamond, and some kinds of coal), 
gold, silver, copper, and a few other metals. The 
old '*four elements" — earth, air, fire, and water, have 
long been known to be either compounds, as earth, 
air, and water, or indications of the action of force, 
as fire. But they remain familiar and convenient 
expressions representing great classes of facts, with 
which the student of Physical geography must become 
acquainted. We may with advantage make use of 
them, follow them up, and endeavour to make out the 
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meaning and intention of nature in the distribution 
of them on the earth. 

The solid earth is a much more complicated mass 
than either water or air. These latter, though com- 
pounds, are composed of only two elements. The 
earth is composed of many. Thus, the stony and 
sandy masses of various kinds, among which the 
metals are occasionally met with, generally contain 
three or more elements. Limestone, sandstone, 
clay, granite, and slate are the familiar names of 
these masses. They are all, even in their purest 
state, compounds, in which a peculiar gas called 
oxygen is present in very considerable quantity. 
This gas also forms a fifth part of the air, and half 
the water. It has a great tendency to mix with 
almost all substances in nature, except some of the 
metals. It is, therefore, one of the most abundant 
substances in the outer crust of the globe. 

There are two other gases whose names require to 
be known. Four parts of nitrogen mixed with one 
part of oxygen, form the atmospheric air, and one 
part of hydrogen with one part of oxygen, when 
chemically combined, become water. Chlorine is 
another important gas. 

Mixture and combination are, however, very diffe- 
rent. The first is merely mechanical, and involves 
little change. Sugar and salt mix with water, and 
gases, such as oxygen and nitrogen, in certain pro- 
portions, may mix in the same manner. The mixture, 
though different from either, has none of the proper- 
ties of an original substance or element. On the 
other hand, when oxygen and hydrogen combine to 
form yrater, the result is almost a new element. 
Oxygen and nitrogen^combined form a strong acid. 
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So again cblorine, a gas, and the metal called 
sodium, combine to form common salt, a substance 
totally different in every respect from its elements. 

Besides those already mentioned, it is well that 
the student of Physical geography should know at 
least the names of a few other materials of which 
the earth's crust is chiefly made up. Carbon^ already 
named, and foimd in a state almost pure in the 
diamond and in some kinds of stone coal, is an 
element also of extreme importance, as present and 
almost essential in all forms of life, whether vege- 
table or animal. Wood consists of little else, and 
flesh contains a large proportion. Silica is the sub- 
stance from which sand and aU the varieties of 
sandstone are obtained. Alumina serves the same 
purpose for clay. Both are combinations, but both 
are so nearly like elements in their permanence and 
in their power of combining with other compounds, 
or with other elements, that they are much better 
known than the elements from which they are 
derived. Soda and iPotash are other examples of a 
similar kind, obtained from the metals Sodium and 
iPotassiumy which, however, cannot remain without 
change in a moist atmosphere. Fhosphorm is an im- 
portant substance, and with this and some of the 
familiar metals the list closes. 

Among the forms of force commonly spoken of 
in all references to climate and the state of the air, 
electricity, galvanism, and magnetism are the most 
important. That friction, or the checking of motion 
by the coming together of two substances, sometimes 
produces electricity as well as heat is easily shown. 
Thus, when a stick of sealing-wax, or glass, is rubbed 
on a coat-sleeve, it becomes electric, and attracts 
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paper or a feather. A piece of copper and a piece 
of gold, placed one on the upper side, the other on 
the under side of the tongue, produce a slight 
galvanic shock when brought to touch at one point. 
On the other hand, a current of electricity passed 
through a piece of sofb iron converts it into a magnet. 
The electric telegraph is a practical result of long- 
continued inquiries and experiments with regard to 
this form of force. Electricity acts throughout the 
earth's sur^Eice, and is, beyond doubt, one of the 
most direct modes in which change in the distant 
centre of our system is conmiunicated to each mem< 
ber. We must not at present do more than remind 
the student that a link of this kind exists, and that 
all nature is bound together by similar links, render- 
ing the whole one great harmonious system. 

Besides the shell or outer crust of the earth and 
the various forms of matter and force belonging to it, 
there is also on its surface a vast variety and infinite 
succession of living beings, Of these there are two 
kinds — animal and vegetable. Of each there are some 
so simple in their construction that we can only find 
in them a peculiar fluid and a kind of skin as proof 
of life, and others so complicated that each individual 
consists of millions of minute parts, all separately 
living, but all mutually dependent on each other, 
and altogether forming one noble monument of 
creative power. Between these extremes we have 
every possible gradation. But these living beings 
endure but a short time. They die and become 
reduced to the elements of which they were built up, 
but not till, in some wonderM manner, there has 
been provided, through their agency, a succession of 
beings like themselves* Life is a great myater^^ 
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As far as it is a part of the system of creation it 
will probably be found to depend on a peculiar 
form of the universal force, governed and modified 
by those various forms — ^heat, electricity, and cte- 
mical action, already familiar. But the higher forms 
of life exhibit another quality or power, more diffi- 
cult to explain, for they possess what is called a will 
as well as intelligence. Of this, which belongs to 
many animals, and of the yet higher and more subtle 
qualities of intellect and moral sense, we oflfer no 
explanation, for there is at present no clue whatever 
to their cause and mode of action. 

The way is now open to the student to study the 
elements of Physical geography. He will have seen 
that all nature is related by close ties ; that there is 
a system on which everytibing is planned and con- 
structed; that a few simple substances in nature 
produce by miidiure and combination an almost in- 
finite variety of compounds, of which some are used 
in large proportion, others in small quantity, but all 
of them assist in the great general result we see 
before us. They are governed, and changes in them 
produced, by the various forms of force. Some are 
attracted, others repelled ; but the ordinary passage 
of heat, light, and electricity constantly goes on 
through and among them. 

But it must be remembered, as one of the laws 
most certain and most invariably acted on, that 
there is in nature no repose and no cessation of 
force. It is not only living matter that changes ; all 
the combinations of stone and rock are constantly 
though silently undergoing alteration. The earth 
has a long and complicated history. ^ It was once 
thought that this history must u^volve occasional 
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gr6at revolntions, with long intervals of absolnte 
repose. It is more likely that the revolutions are 
incessant, and the repose unknown. Hardly a mo- 
ment — certainly not a year, a month, a day, or even 
an hour — ^passes without change ; and in the past, as 
at present, there is no evidence of there having been 
a time when change was not the law of nature. It 
has always been going on, ,both upon and within 
the earth, altering everything without exception, 
whether solid or fluid, and always tending to pro- 
duce those peculiarities of structure that distinguish 
rocks long since formed, from mud lately thrown 
down to the bottom of water, or molten material 
thrown up from a volcano. 

The language of Physical geography, like that of 
all sciences, introduces some expressions not very 
familiar, and makes a peculiar and limited use of 
certain conmion words and phrases. Some of these 
have been already explained, others will be ex- 
plained as they are used. Before, however, proceed- 
ing farther, it will be well to point out the exact 
meaning attached to certain words used in marking 
the position of objects on the earth; for it is not 
very easy, without some previous understanding, to 
describe where a certain point or a certain space is 
situated on a round ball such as we have described 
the eftrth to be« 

In geography the terms North and South refer 
always to the same direction, and are determined by 
the pointing of the needle in the compass, by the 
position of the sun at noon, or by the position of 
certain stars. Of the two poles of the earth (^see 
explanation of the term in p. 3), that which cor- 
responds to the point where the stick of the hum* 
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mijtig-top joins the top is called nortb, and that 
which corresponds to the point where the peg joins 
it is called soath. The part between the middle line, 
or equator, and the north pole is called the northern 
hemisphere (or half globe), and that between the 
equator and the south pole the southern hemisphere. 

If a line be drawn on the surface from the north 
to the south pole, everything to the right hand of a 
person standing on it and looking north is called 
east, and ererything to the lefb west. If such a line 
be drawn through the ocean between Europe and 
America, the land of Europe, Asia, and Africa will 
be in the Eastern hemisphere, and the land of Ame-' 
rica in the Western hemisphere. But if such a line 
were drawn through the Pacific Ocean, the contrary- 
would be the case. Thus the terms north and south 
are positire and absolute, so far as the earth is con- 
cerned ; but east and west are relative, and depend 
on the position of the line from which w^ start. 
The fact that Europe and Asia were the dwelling- 
places of the early civilized nations is the only 
reason why the terms eastern and western are now 
practically limited to the countries east and west of 
the Atlantic Ocean. 

Knowing the use of the terms north, south, east, 
and west, it is not difficult to understand what is 
meant by latitude and longitude. Latitude is the 
distance of any place from the equator, measured 
on a circle passing through the two poles, and is 
north or south^ according as the place is in the 
northern or southern hemisphere. It is measured, 
as all circles are, by degrees, of which there are 360 
in the whole circle, or 90 in the fourth part, between 
iiie equator and each pole. Longltada ia i\i<a dla- 
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tance, east or west, from a line drawn from pole 
to pole, and is also measured on a circle, and by 
degrees. The whole of a circle being divided into 
360 equal degrees or parts, it will be easily under- 
stood that a point on the earth's surface cannot have 
more than 90 degrees of latitude, that representing 
the" whole distance from the equator to the pole ; but 
it may have any number up to 180 degrees of longi- 
tude. On the other hand, a degree of latitude is 
always of the same length (about 69^ English miles), 
but the length of a degree of longitude varies with 
every degree of latitude. At the equator it is the 
same as that of a degree of latitude, and at the 
poles it is nothing. It is the 360th part of the 
length of the circle represented by the ring dropped 
on the humming-»top, in the illustration already 
referred to. 

In the latitude of London (61^ degrees), the 
length of the degree of longitude is about 43| 
British statute miles.* 

* The earth's circnmference, or the length of a line drawn 
round it through the poles, is about 24,000 miles, and therefore 
the degree of latitude is '^, nearly equal to 69} miles. This 
measurement is in British statute miles ; but geographers often 
use miles of which there are exactly 60 to a degree. These aro 
also called nautical miles. 
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CHAPTER 11. 

THE LAND. 

The land is that part of the solid crust of the earth 
that is not covered with the waters of the ocean. 
If the earth's sur&ice were perfectly smooth the 
water would cover the whole to a certain depth, just 
as the air does, and there would be no land. Thus 
it is only in consequence of the existence of irregu- 
larities of the surface that there is any land or solid 
portion of the crust projecting above the general 
level of the water, and the amount of surface exposed 
is governed by the nature and extent of the irregula- 
rities. It must be evident that an uneven surface of 
the earth is necessary to its existence as the habita- 
tion of almost the whole of vegetable, and of a very 
large proportion of animal, life. It is equally tjlear 
that the shape and depth of the sea-bottom decides 
the limits and the extent of the surface of the sea, 
and the position of the line separating land from 
water ; for if the ocean were very much deeper than 
it is over a considerable part — that is if the bottom of 
the sea were sunk much lower than at present — the 
level of the whole ocean would be lowered, and many 
shallows become dry land. If shallow parts of the 
sea near shore were lifted up by earthquakes while 

. such deep crevices were being formed, the eiffect 
would be still greater. 

It would hardly be believed, without calculation, 

I20W very little difference in the iotixx oi ^^ ^vvt^-akSiQ 
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of the land would make an enormous difference in the 
magnitude of the ocean without in any degree alter- 
ing the quantity of water contained in it. And this 
is a very important matter, for on the mere form of a 
coast-line depends veiy much its fitness for the habi- 
tation of plants, animals, and man. It is the more 
important because there is every reason to suppose 
that in the history of the world there have been 
enormous changes in this respect, the water having 
perhaps at some time almost covered the whole sur- 
face, while at other times the land may have been 
much more extensive than it is now. 

Thus the actual shape of the land, the way in which 
its projecting points and irregular prominences ex- 
tend, the form and extent of those smaller lands 
called islands, which approach, and sometimes almost 
touch, the main land, and which are only separated 
by shallow arms of the sea, and generally what is 
called "the distribution of the land,'* are objects of 
careful inquiry in Physical geography. 

There are, rising above the level of the ocean, two 
very large tracts of connected land, one in the East- 
em, the other in the "Western hemisphere {see p. 14), 
which include together almost the whole of the land. 
There is a third, but much smaller tract (Australia), 
nearly connected with the larger of the two. These 
great tracts are called by different names, that of 
continent being perhaps the most familiar. The 
great continents include, in the Eastern hemi- 
sphere, Europe, Asia, and Africa, known as " the 
Old World," and to them Australia may be added. 
In the Western hemisphere they include the two 
Americas (North and Soutli)^ ot ^^ >i>cva^^N!^ "^ ^s^s^;' 
with a few outlying islandH. 
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At one time Europe, Asia, Africa, and America 
were called the four quarters or divisions of the 
earth ; but if Europe, Asia, and Africa, which are all 
connected (Europe and Asia are altogether without 
an approach to natural separation, and Africa joins 
Asia by the neck of land called the Isthmus of Suez) 
are to be called three, America must be called two, 
and Australia is certainly another, for it is nearly as 
large as Europe. Thus there would be, according to 
this mode of estimating, five great masses of land, 
which would be thus described; (1) Europe and 
Asia, (2) Africa, (3) North America, (4) South 
America, and (5) Australia. These are natural divi- 
sions in the same sense as the division into two 
masses, the great continent and the American con- 
tinent. 

Besides these great masses there is a large number 
of fragments of land called islands. These are all 
separated from the main land, or the nearest conti- 
nent, by water. Many of them, and these are among 
the largest and the most important in every respect, 
are so placed in relation to the nearest contiaental 
lands that they appear to have once belonged to 
them, and to have been separated from them. Thus 
England is only separated from the main land of 
Europe by a comparatively narrow channel of no 
great depth. Islands of this land are called " conti- 
nental islands." There are others, such as many of 
the groups in the Pacific Ocean, which have no rela- 
tion whatever to any continents that now exist. 
These are sometimes called " pelagic " or " oceanic " 
islands. Others consist of simple volcanic cones 
rising out of deep water. These are volcanic islands. 
ZastJjr, there are /some that have been formed clto- 
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gether by the labours of a small marine insect, 
called the coral 'animal, and these are called coral 
islands. 

All the islands probably refer either to the exist- 
ing or former position of continental land* They are 
of varions sizes, some — especially those extending 
from China towards Anstralia^being of great magni- 
tude, each containing more than a hundred thousand 
square miles. For the most part they are much 
smaller, and collected into groups of many in each 
group. Some few, however, are detached. A group 
of islands may be regarded as the summits of land 
buried under the waves. All the connecting land 
exists, but is for the present out of sight. If the sea- 
bottom were raised, or the level of the sea lowered, 
such islands would become parts of a continent. 

Continents may with advantage be considered as 
including the islands near them, where they are only 
separated by shallow water. In most cases the vege- 
tation of such islands, and their animal inhabitants, 
prove how real this view is. Occasionally, no doubt, 
the case is different, and such cases demand careful 
attention from the naturalist and geologist, as they 
are sure to suggest useful reflections. 

The form of the great masses of land, and of the 
larger islands, presents many fisusts of considerable 
interest. Let the student take a map or a globe and 
look at ihe form of the mass of land called the Old 
World. It extends from east to west for a vast dis- 
tance, measured from the western extremity of Spain, 
where the Pyrenees die away under the Atlantic 
waves, to the eastern extremity of China, a distance 
of about nine tiiousand miles« A lin^ o^ -^^sc^ ^^^^^s^ 
land ranB through it in tiai^ ^t^«^oiq^cS. ^iu^ ^gp^Ri^st 
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length, namely, from east to west, including several 
important chains of mountains rising here and 
there in long systems of ridges, in other places 
sending up peaks far above the clouds, capped with 
snow summer and winter, and forming a barrier 
separating climates, vegetation, and races of animals 
and men. On the north of this central line are vast 
plains, some low or near the sea, some lofty, and 
serving as the bases of great mountains. ' Towards 
the North Pole these lands are for the most part cold, 
and there are large tracts little occupied by men. 
In these northern lands, however, have originated 
the races most active in war, and often overrunning 
and subduing the world. The northern lands termi- 
nate in the Arctic or North Polar Sea by a number 
of islands, some of considerable size. 

The great continent south of the central line of 
high land, which is sometimes called its geographical 
axis, divides into a multitude of projecting lands 
called promontories, all more or less triangular in 
shape (not much unlike the shape of a leg of 
mutton), and all pointing towards the south. Only 
one of these stretches down beyond the equator into 
the Southern hemisphere, and this is the great mass 
of Africa. The succession of promontories pointing 
thus southwards includes Arabia, Hindostan, the 
Malay peninsula, and Cochin China. 

But Europe is separated from Africa by an inland 
sea, and in this sea also almost all the land ends in 
promontories looking southward. The Iberian pen- 
insula (including Spain and Portugal), Italy, and 
Greece are illustratioiis of this. Even in the northern 
part of the great continent the same peculiarity is 
noticeable, and this is well shoY^ii m t\x^ ^cwadx- 
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navian peninsula (Sweden and Norway). Some of 
the islands point to a similar construction, especially 
those of largest size and most marked form. 

If now we turn our attention to the New World, 
or American continent, we shall also find marked 
peculiarities of position. The longest line that can 
be drawn (its length is nearly 10,000 miles) extends 
not from east to west, but from north to south. In 
this direction also it possesses a line of lofty high- 
lands only inferior in their highest elevations to the 
mountain peaks of Asia, and reaching almost from 
pole to pole. As in the great continent, thfs is a 
barrier preventing the migration of plants and 
animals, and greatly affecting climate, but, owing 
to its direction, it acts in a very different manner 
from the other. The lands to the east are wide 
plains nowhere very lofty, and sometimes very low. 
The western lands are narrow strips bordering the 
ocean. There are high plains included among the 
mountains. 

But though there is no resemblance in the posi- 
tion of its geographical axis, the general form of 
American land, both north and south of the equator, 
has resemblances to that of the other continent. 
North America and South America are both trian- 
gular in shape, and in both the triangle points 
southwards. In North America there are many 
promontories and peninsulas, but all show the same 
peculiarity. California, on the west, and Florida, 
on the east, are striking examples. Kamtschatka is 
another illustration ; Greenland is another. South 
America is without promontories : it is itself one 
huge promontoiy. 

Betaming now Jo ttie OVSi'^atW^ ^^«r^ '^sgj^ 
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glance at a map or globe will serve to satisfy the 
student of another fact with regard to the form of 
the land. The coast of certain parts of the world is 
very much broken and irregular, but in other parts 
there are long distances without any indentation. 
The learner may with advantage, in reference to this 
matter, compare and contrast the coast of Northern 
Europe, or the shores of the Mediterranean, with the 
western or northern coast of Africa. It is easy to 
understand that numerous bays, inlets, and harbours 
are convenient for shipping, and therefore advan- 
tageous for trade. No country that is not so pro- 
vided can hope to rival in commerce the countries 
that have good and numerous harbours. An ex- 
ample may be seen in the difference between the 
coast line of England and France. Along the shores 
of the British Channel there is hardly a single inlet 
forming a natural harbour, into which vessels could 
take shelter on the French side, from Cape Finis- 
terre to Calais. The opposite or English coast has 
a succession of harbours all more or less good, and 
some excellent. Falmouth, Plymouth, Dartmouth, 
and Portsmouth are but a few out of the number. 
The result is seen in the fact that almost all the 
trade between England and France is carried on by 
English ships. 

Li every part of the world it will be found that 
the greater the' number of miles of coast-line (in- 
cluding all the indentations), in proportion to the 
area of the country, the more accessible is the 
country, the more given to sea pursuits are its in- 
habitants, and the more completely do its inha- 
bitants become civilized and free from the limited 
riewa and narroYr prejudices that or^ so tiomtooxL 
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among people who rarefy leare their own conntiy 
and home. Africa^ aa a great continent in tiie old 
sense of the word, affords an admiraHe example of 
this fact. It has scarcely an j means of access hj 
water from the coast to the interior, and hardlj anj 
inlets or bajs of importance along its whole coast. 
The condition of its inhabitants remains, in spite of 
constant oommnnicaiion with the outer world, Hbe 
most degraded and hopeless to be foiuid in any 
oonntry. 

There are other important facets regarding the dis- 
tribution of the land. Abont one part ont of four 
of the esffth's snr&oe is dry, bat we find that the 
whole of Europe and Asia, and great part of Africa, 
lie north of the equator ; and it is well known that 
the whole of Kortli America, and part of South 
America, are also in ^be Northern hemisphere. In 
£actj the land is at present so distributed that almost 
the whole is contained in one half of the globe, while 
the other half^ except in the case of Australia and 
Kew Zealand, is almost entirely under water. If a 
person were to be placed exactly orer the county of 
Cornwall, in England, at a sufficient height to see half 
^e earth's surCeu^, he would see almost all the land. 
Another person placed immediately orer New Zea- 
land would see New Zealand, Ansteilia, part of Soutii 
America, and a vast nraltitude of small islands in 
the Pacific, but the total amount of hmd visible would 
not amount to more than a twenty-fifUi part of the 
whole. 

There is thus what is called a hemisphere of greatest 
land, opposed to another in which there is hardly any 
land rising abore the sea-leYcL ¥^*<^s\. ^ ^5Da&»^^!&2^^ 
lazid here found a pari^was «eg8aed9wdL^scH&. 
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and built up atom by atom by the coral animal, which 
has gradually increased year after year in the warm 
seas, until it has constructed reefs hundreds of miles 
in length, some of which are now converted into 
habitable land. 

The fact that of two halves of the world one pro- 
jects or bulges above the general level, while the 
other recedes, or is depressed below it, is very curious, 
and cannot but have an important meaning. The 
cause, however, is not clear, and the student need 
not at present enter into the various speculations 
that have been made concerning it. There is no 
doubt whatever that the climate, both of the whole 
earth and of every country, however situated, is 
greatly affected by this arrangement of the land, 
which is by no means essential, and which has, at 
some periods of the earth's history, been very dif- 
ferent. 

Besides the distribution of the land as we have 
been considering it — that, namely, which relates to 
the position of the line where the ocean comes in 
contact with the land — there is another hardly less 
important. If we call that which has just been de- 
scribed its horizontal distribution, the other may, in 
the same sense, be called its vertical distribution. 
The land is not like the water, kept at a uniform 
level, its surface being always at the same distance 
from the centre of the earth. The whole nature of 
the earth, as a place of habitation, depends on the 
existence of irregularities. The ocean fills up de- 
pressions to a certain point, but the place where the 
sea comes in contact with the land may be nearly 
flat, and in this case the difference of a few feet in 
the level of the water would make a difference of 
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hundreds of yards wide of coast. Or £he land may 
be met on the gentle slope of a hill, and in this case 
an alteration in the height of the water amounting 
to many feet is hardly to be recognized. Or, lastly, 
the shore may be precipitous, not merely having a 
steep inland cliff — ^for that is not nncommon where 
the slope is gentle — bnt really descending abruptly 
for a great depth dose to the shore. These three 
conditions may be continued either outwards, on the 
sea-bottom, or inland, towards the mountain chain 
or geographical axis of the country. 

The vertical distribution of land causes a division 
of the whole of the exposed sur&ce into three or 
four tolerably well marked forms. The flat lands, 
sometimes extending from the sea for a very great 
distance, and sometimes near the foot of a mountain 
range in the &r interior, rise very gently, and are 
only occasionally broken by low hills. They are 
known by various names in different countries, ac- 
cording to local conditions of latitude, climate, and 
soil, to which they are exposed. In Russia they are 
gteppet; in Arabia and the interior of Africa, deserts; 
in North America they are prairies and savannahs; 
in South America, llanos^ silvasy and pampas. In 
every case there are peculiarities belonging to the 
country and climate, but all agree in being "low 
plains.*' They sometimes, but rarely, continue to 
rise gradually, till the elevation above the sea be- 
comes considerable ; more frequently they rise in 
steps by a succession of low clifi&; but here and 
there they terminate abruptly, and mountains or 
lofty plains rise from them, and seem to spring 
out of them. 

Lofty plains (also called '* table-lands" and "pla- 
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teaux") ofben differ little from low plaliis in general 
appearance. They sometimes rise snddenly from the 
sea, or from plaias by steep and lofty cliffs or hill- 
sides, almost resembling monntain ranges. They are 
sometimes included among, and form part of, moun- 
tain chains, and they occasionally form the central 
masses of great continents. What is most remark- 
able about such plains is the nature of the valleys 
with which they are intersected. These are deep 
cuts or gorges, sometimes wide, but always abrupt. 

Mountains are natural phenomena of the grandest 
kind. They rise abruptly from the sea or from plains, 
whether low or lofty, and their sides are jagged and 
abrupt. They form ridges of hard rock, terminating 
upwards in a succession of peaks, whose form depends 
on the nature of the rock. They exhibit beyond all 
comparison the most picturesque and grandest, though 
often the most gloomy and terrible conditions, of the 
land. They appear generally in groups, but these 
groups are connected together, and from each may 
proceed spurs or secondary mountains at right angles 
to the main chain, which is formed by a number of 
groups in the same general direction. Of mountain 
chains of ^the first class there are but two — ^those, 
namely, that traverse the two great masses of land 
in the Eastern and Western hemispheres. Of moun- 
tain chains of the second class, and of small groups, 
the number is very great, some being fotmd in almost 
every important mass of land. 

Valleys are either grooves or ftirrows on mountain 

sides, or fissures and ravines cutting deeply into 

table-lands. They are everywhere the natural 

channels conducting back to its parent ocean the 

wa^r that baa Mien from the sky aa xaasv. Their 
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origin is rarely doubtfiil. They have been eaten out 
by the water that has passed through them. 

According to their mode of formation, and the 
nature of the country they cut through, they offer 
the wildest, the grandest, or the most beautiful and 
softest scenery. It is not always that rivers run 
through them, but they have been formed by rivers, 
and are ready to act as water conduits when 
required. 

Such are the varieties of form of the land. Be- 
sides these well-marked differences, each country 
has its own special character and its own features 
by which it can be recognized and identified. All 
these features may be traced without much difl&culty 
to a common origin, and are explained by a reference 
to the changes now being produced on^the surface. 
But this explanation wouldj lead to another branch 
of the subject, which it is not at present advisable to 
discuss. It is enough for the student to know and 
feel that there is an orderly and regulated system 
traceable throughout, and that the laws of nature in 
the formation of the irregularities of the earth's 
surface are perfectly clear and well defined, certain 
causes always producing certain effects, and the 
general result, as now observed, being due to a suc- 
cession of changes constantly going on upon and 
within the earth. The nature and amount of these 
changes it is a part of the science of Physical 
geography to determine. 
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CHAPTER m. 

MOUKTAIKS AKD ELEVATED PLAINS — LOW PLAINS AND 

VALLEYS. 

We have seen in the last chapter that across the two 
great tracts of land called respectively tbe great 
continent and America, and in each case in the 
direction of their greatest length, there is a succes- 
sion of gronps of very high land. This land con- 
sists of mgged and jagged ridges and detached 
peaks, rising from lofty plains, often cut through by 
deep chasms. The gronps are connected by narrow 
necks of rock, over which a passage can be made 
with more or less difficulty. Each group forms a 
mountain or a mountain mass. Several such groups 
together form a mountain chain, and a number of 
these chains continued in the same direction become 
a mountain system. In Switzerland and some parts 
of France and Germany there are elevations of this 
kind well known to all travellers. The mountain 
called Mont Blanc rises nearly 16,000 feet above the 
sea. It is sufficiently detached to be recognized as 
a single mountain, but it is connected with other 
mountains on the east and' west by a number of 
narrow necks called passes. These mountains, 
again, are connected with others, all of which are 
spoken of under one name, as the group of the 
Savoy Alps. A little to the north are the Oberland 
Alps, including several well-known mountains rising 
^ a greaib height All these unite to form the 
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moimtain cliaiii of the Western Alps. To the south 
are the Maritiine Alps; to the east and in the 
Tyrol, bat connected with these, are the Eastern 
Alps. The Camic and the Noric Alps and the 
Jnlian Alps are names of yarions portions. Thns the 
mountain system of the Alps reaches across Europe 
from the plains of Langaedoc to near Hungary. 

Immediately to the south and west of the plains 
of Languedoc, and quite detached from the Alps, 
though at no great distance, another mountain chain 
commences, well known as the Pyrenees. 

Immediately to the east of the Alps, in Himgary, 
we have, in a similar way, another chain, that of the 
Carpathians. From the Carpathians it is not diffi- 
cult to trace a succession of mountain chains and 
systems into Asia, where we meet with the Hima- 
layan chain, which contains the loftiest peaks that 
rise above the general surface of our globe. They 
are as much as six miles above the sea. Beyond the 
Himalayas the mountain system is continued by 
the Altai mountains and the mountains of China to 
the Pacific. 

But besides the chains of the Alps and other 
mountains which cross central Europe, there is 
another system of mountains rising out of the 
general geographical axis of the Old World, known 
as the Atlas chain. These form the northern ex- 
tremity of Africa. When the whole of the land of 
the Old World is regarded as one, it is found that the 
Alpine and the Atlas mountains can only be looked 
on as the north and south ridges of a vast tract, 
much of which is elevated, but which has large and 
deep depressions between the princi\Mil <^U!ST&d^Ks<Da.. 
Of these depressions tbe ^»aL ^A ^^a >Lti!^ciycr«»s»»^ 
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Sea is one of the most extensive, and it separates 
Europe from Africa. It is connected with other 
still deeper depressions, extending into Asia. But 
at the two extremities of this depression the moun- 
tain chains are connected by very lofty plains, and 
even by distinct mountain chains. Thus the student 
may recognize the fact that the geographical axis 
includes a very broad tract of mountains and plains ; 
that is not merely a single continued ridge, but a 
very complex system, and that it must be careftdly 
studied before its true nature is understood. 

Mountains, mountain chains, and mountain sys- 
tems are of great interest to the Physical geographer; 
for they serve as the clue by which he makes out the 
true history of the world. They are regarded, with 
reason, as a kind of skeleton framework, and thus 
all that can be made out concerning them is worth 
knowing. Almost all the great chains are very dis- 
tinctly connected with others of lower altitude, 
which cross their direction almost at right angles. 
These secondary chains often form the hard central 
part or backbone of those long peninsulas and pro- 
montories that have been mentioned as particularly 
common on the south side of the central axis of the 
Old World. Thus the Apennines run out from the 
Alps to form Italy. The Pindus chain, in the same 
way, runs out to form Grreece. There is a similar 
chain of high lands marking the outline of many 
other of the chief promontories. The Balkan is an 
eastern continuation of the Dinaric branch of the 
Alps, at the point where the Pindus branches. 

The two great parallel chains of the Atlas to the 

Bouth^ and the Pyrenees and Alps to the north, are 

not everywhere disconnected. Between, ^kem^ oii. 
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the west, are no less tlian three subordinate and 
parallel chains in Spain, of which the Sierra Nevada, 
the loftiest, rises to the altitude of nearly 12,000 
feet. On the east they are connected by the moun- 
tains of Palestine, the Taurus, and the Antitaurus, 
of which Ararat (16,000 feet) is one of the loftiest 
peaks. Not far off are the mountains of the Cauca- 
sus, rising to nearly 18,000 feet. This double link 
enables us easily to recognize the fact of the identity 
of the two series of mountaia chains as parts of one 
vast system. 

Including the double chain, the whole breadth of 
the great geographical axis of the Old World is not 
less than 1,000 miles. The length we have already 
stated to approach 9,000 miles. The height varies. 
In the eastern Pyrenees, which is of the nature 
of a jagged ridge, the highest peak is Mount Male- 
detta (more than 11,000 feet). The western Pyre- 
nees, on the north coast of Spain, where the system 
and chain die away into the Atlantic, are much 
lower. 

The Alps are a loffcy group. There are at least a 
hundred peaks of more than 10,000 feet, several 
more than 12,000 feet, and some more than 16,000 
feet. The Carpathians are less lofty, but rise to 
nearly 10,000 feet in one point. The Balkan con- 
nect with the Carpathians, and also approach 10,000 
feet. The highest mountain of the Apennines is 
9,500 feet, and of Greece about 8,000, These are 
in transverse chains. 

The Atlas chaia, parallel to all these, rises to nearly 
12,000 feet, and dies away towards Egypt, though 
stretching westwards far beyond the c^«s»\» <5kl fe&cssssk^ 
a£i marked hy the WeBteml«\aaA»,^\si^ ^te^Sa^^ssa^R^ 
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lofty peaks rising above the level of the Atlantic. 
The eastern Atlas is succeeded by the mountains 
of Arabia and Asia Minor ; and here we again come 
into the great chain. The Hindu Koosh follows, 
and is succeeded by the Himalayas, which contain 
amongst them elevated plains of enormous extent, 
contrasting strangely with the depressions of the 
Mediterranean Sea and the Aralo- Caspian Sea. The 
higher peaks of the Hindu Koosh exceed 20,000 
feet, and of the Himalayas there are many that 
exceed 28,000 feet. 

In the several divisions of the mountain system of 
the Old World there are many peculiarities of great 
interest connected with the elevations. The slopes 
of all mountain chains are gradual on one side and 
steeper on the other. In the Alps the slope of the 
mountain sides is gradual on the northern and steeper 
on the southern side. The difference is great, 
strongly marked, and uniform. But the average 
slope of a mountain, measured by the angle enclosed 
between a horizontal line and a line drawn from the 
nearest low plains to the summit, or from the nearest 
sea-level to the summit, is generally very small, and 
when smallest does not at all prevent a very rugged 
and inaccessible mountain side from being presented 
to the adventurous traveller. An average ascent of 
one in thirty, or 180 feet in a mile — a slope that can 
be ascended by an ordinary train on a railway — 
would be equivalent to the slope if the total ascent 
to the summit of Mont Blanc were 100 miles from 
the nearest low land at the sea-level. It is consistent 
with the existence of flanking ranges separated by 
deep valleys and a succession of steep slopes, some 
of which a gosi,t could hardly Bcale, Tendering the 
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ascent a feat rarely attempted, and never executed 
without serious risk. But difficult as the ascent is 
on the north side, it is more difficult and steeper on 
the south. 

Throughout the mountain chains on the northern 
side of the geographical axis of the Old World this 
continues to be the case. The cause is not difficult 
to trace; but it depends on geological considera- 
tions, and must not detain us now. 

The mountain chain of the Himalayas is connected 
with a series of very loffcy tracts, out of which moun- 
tains arise, but which are as level as the low plains 
near the sea. These are the loffcy plains of central 
and northern Asia. It would seem unnecessary to 
point out the fact that flat lands are not necessarily 
low lands ; but most people associate an idea of low- 
ness or nearness to the sea-level with any extensive 
plain. In nature, high plaiQS are very common, and 
they exist within or on one side of almost all moun- 
tain chains. In Europe they occur in the Iberian 
peninsula (Spain and Portugal), where a lofty flat 
country on the south contrasts strongly with the 
low flat country of Languedoc, on the north of the 
chain of the Pyrenees. 

The Pyreneean chain rises very suddenly and to 
a great height on the French side, like a wall. On 
the opposite, or Spanish side, the descent is very 
much less in amount, and reaches only to the plains 
of Castile, nearly 3,000 feet above the sea. Through 
deep cuts or gorges in these plaias the rivers have 
eaten their way, and throughout Spain to the south- 
em coast the same general character is retained. 
Oat of these plains rise three principal mountain 
ranges, of small breadth*, on^ o^ ^J[\^T£SL^s»^^'^"^ssc«^ 
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Nevada, only inferior in elevation to tlie loftiest of 

the Alpine gronps. 

Much in the same way, but on a still grander 

scale, is the table-land of Abyssinia, difficult of access 
from the sea, owing to the rocky and precipitous 
nature of the mountain gorges, and equally difficult 
to cross, because of the deep ravines, in which run 
the tributaries of the Nile, that make their way 
through them. The plains of Arabia and Persia are 
of the same kind, though of inferior elevation. The 
plains of Armenia succeed them. Next comes the 
vast plateau or table-land of Tibet, from 6,000 to 
10,000 feet above the sea, broken up into many divi- 
sions, but beyond a doubt including the most exten- 
sive tracts of high land on the globe. It extends 
from the northern foot of the Himalayas to the foot 
of the mountains of Eastern China. South of the 
Himalayan chain are the high plains of Northern 
India. 

Besides Abyssinia almost the whole of the coast 
lands of Africa, from the equator to the Cape of 
Good Hope, on both sides of the continent, consist of 
table-lands rising somewhait rapidly from the sea to a 
considerable height, retaining that height, with few 
undulations, for a breadth of some hundred miles, 
and then subsiding gradually towards the interior. 
The principal streams of the continent pass out to 
the sea at some narrow opening, but, except the Zam- 
besi, whose course was followed by Dr. Livingstone, 
there is hardly any river of importance. Thus Africa 
has a belt of table-land near the coast from 3,000 to 
6,000 feet above the sea, while in Europe and Asia 
the table-lands are in the interior, and are directly 
connected wiUkiiiQ mountain system of the Old World. 
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Oat of the AMcan table-land rise mountains, one of 
-which exceeds 20,000 feet. 

The Western continent also possesses its geogra- 
phical axis. It is, however, a north and south axis, 
instead of an east and west. No wonder that with 
so great and important a difference the conditions of 
life in the New World differ so greatly from those of 
the Old World. Of the two parts of the American land 
the northern is much the wider, and much the more 
complicated in its structure, and it is that which 
compares most easily with the Old World. The chief 
mountains of North America are the Rocky Moun- 
tains, some of which are volcanic, ranging nearly 
from the Arctic circle to the Mexican table-land. 
They are lofty and grand, but are not alone. They 
are flanked towards the Pacific coast by other chains 
of smaller elevation, and between them are important 
valleys, lakes and deserts, but no very high plains. 
Towards the interior of the continent there are other, 
though less considerable, mountains. But the chief 
point of importance is the existence of a second and 
very important range near the east coast, called the 
Alleghany Mountains, much less lofty, but parallel 
the main range, although separated from it by a 
great breadth of prairie, watered by the Mississippi, 
one of the largest rivers in the world. The Alle- 
ghany Mountains are continued, though not by 
mountains of great elevation, and often at long in- 
tervals, both northwards into Canada and south- 
wards to the West Indian islands. Perhaps these 
latter islands may once have been connected with 
the northern mountain chains of South America. 

The great mountain systeisa. ot Aox^'snsi^.^ ^^^assssssM^*- 
ing with the Rocky MLoTni\«MiB, \^ ^Ti.V3flssy&^ ^^sss^S^- 
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wards by the mountains and table-land of Mexico, 
and thence by a perfectly continuous chain to the 
Andes of New Granada. Once entered on the chain 
or Cordillera * of the Andes, we find a very well- 
marked series of groups, all of the same general 
nature, consisting of very lofty but small plateaux 
or table-lands, situated amongst a number of conical 
and jagged peaks, often volcanic, and many of them 
only inferior in altitude to the highest parts of the 
Himalayan chain. These groups are separated, but 
the passes over the necks between them are of great 
height, and most of them very difficult of access. 
Several, however, are now regularly travelled. The 
chains of the Andes south of New Granada are those 
of Quito, Peru, Bolivia, Chili, and Patagonia. Still 
further south the chain is represented by detached 
summits seen above the level of the sea (the Tierra 
del Puego), until at length these connect with the 
highlands of the Antarctic circle. 

South America, like North America, has its double 
mountain system, though it is even less completely 
developed. It is recomized best in the Brazilian 
m-ountains already alluded to, and these are impor- 
tant as dividing waters of considerable magnitude. 
The Organ Mountains of Brazil are not lofty, but 
they are beyond measure rich in vegetable life. 

The diflFerent members of the great isystem of the 
Andes all contain plains, though for the most part 
they are of small size. Some are nearly as high as 
the summits of the highest mountains of Europe. 
Some have lakes of fresh water, and the shores of 
some of these lakes are inhabited, A few are of 

^ The SpmL^h name for a moantaln chsau oi imi^OTVA.Tic«, 
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sufficient size to be objects of very great interest. 
There are scarcely any elevated plains of large size 
on the American continent, except that on which the 
city of Mexico is built. 

Australia has its mountain system. It is not very 
lofty, but has all the properties of a system. Its 
range is nearly north-south, and it agrees in this 
respect rather with the subordinate mountain groups 
representing spurs of the great system, than with 
any part of the general system itself. The position 
of Australia connects it distinctly with the Old World 
rather than with the Kew; but there are appearances 
of a sunken continent in part of the Pacific Ocean with 
which they may still better agree. The Australian 
Alps run along from north to south on the eastern 
side of that continent, and appear to connect by sub- 
marine elevations with the islands of Kew Zealand, 
which have a lofty and volcanic chain running through 
them. There are no elevated plains among these 
mountains, nor are they double or compound groups. 

Besides the great mountain systems, the parallel 
or flanking chains of lower elevation are subordinate 
to them ; and included with them and the spurs, or 
projecting ranges, also subordinate, there exist in 
certain parts of the world isolated mountains, gene- 
rally volcanic, and isolated or detached groups, quite 
independent of any main system. Among the latter 
is the Scandinavian chain, which has no dependence 
on the Alps, and does not approach the Pyrenees, 
and which can in no sense be regarded as a spur of 
any part of the great mountain system of the Old 
World. The Scandinavian chain, though not lofty, 
is in all respects a true mountain groxu^* I^ ^^svs^ 
nect^ southwards witix tiaa S»c;oVi^3^ TS^o^ssissasssfe. 'e^ 
those of Cumberland wad ^«X^i wSl ^^^ei«s^^^^» 
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land, but cannot be traced fartber. It appears, 
indeed, to be of very much greater antiquity than 
the main system, and indicates perhaps the position 
of a geographical axis at a very early period of the 
earth's history. The Ural chain, also very low, has 
the same direction, and does not seem to be a spur 
of the Caucasus. 

In the great islands of the earth there is generally 
a central mountain axis, often of very great elevation 
at some few points. In many cases such high peaks 
are the cones of volcanoes ; but in others, and indeed 
in most cases, the mountain chain will be found 
subordinate to that of the nearest adjacent continent. 
This is the case in Madagascar. It is also the case 
in the great islands of the Indian Archipelago. 

Although it is not easy to draw any very decided 
line between hills and mountains, the words being 
used in common language rather to distinguish cases 
of relative height above the sea than describe struc- 
ture, it is still convenient to recognize a distinc- 
tion. Thus, in Wales and Scotland the elevated 
summits, though not loftier than hills, are really 
mountains. Eor the same reason the Malvern hills 
are structurally mountains, for all are parts of a 
great old mountain system. They are not of any 
great elevation, but their scenery is peculiar, and 
their outline simple and bold. Many elevations fiir 
more considerable have no pretension whatever to 
the mountain character. The real difference lies 
rather in the geology than the geography of the 
district; but, under any circumstances, mountains 
belong to great geological movements, generally of 
upheaval, which have displaced and tilted all the 
^*kx&ti^ sad bills ate ezamplea of TeeeiL% dbsxsndi^jdoii, 
-fe £be 4)009 of Aioimt^ns tlie origmsl. ^aai^\ft<»mftTLt 
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has been followed by the wearing away of the loose 
broken and soft rocks, leaving bare the lower and 
harder kinds. Thus monntains involve elevation, 
followed no doubt by the process called aqueous 
denudation, or the clearing away by water of the 
broken and soft material. Hills, on the contrary, 
when properly so named, are the irregularities 
and uneven surfaces of soft and modem rocks, 
as clearecT by the action of weather, and espe- 
cially rain and frost. This is called aerial denuda' 
Hon, The irregularities of surface in table-lands 
are rarely more than are due to the partial removal 
of the rock, whatever it be, of which the table-land 
is composed. In time, table-lands of small elevation 
and moderate extent become converted into hilly 
districts, simply by the gradual widening and inter- 
section of the valleys produced by aerial denudation. 

Yalleys are ftirrows or depressions either on the 
sides of mountains or in table-lands ; but the low 
ground, nearly level, through which a river runs, 
after having left the mountains and high ground, and 
before it reaches the sea, continues to be called valley, 
although no longer a depression. Thus the Rhine, 
commencing with the melted snow of the Alpine 
glaciers, runs for a long distance in a distinct valley 
between rocks and cliffs, or between bold hills on 
either side, and opens out at length in the broad flat 
expanse of Holland, This wide tract of flat land is 
also regarded as part of the valley of the Bhine, 
till we reach the point where the mud already depo- 
sited by the stream where it meets the sea is the 
only land that remains. The same is the case with 
other great rivers termiaatiug m ^'m^<5k\ss^^^^»2Si-. 

Looked on in thia ^U, ^^reSXsi^ w^ ^"^ ^-\^ac^ 
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kinds. Some are mere momitain gorges or ravines, 
very steeply inclined, having rocky sides, and serving 
as conduits to carry off the water that comes down 
in torrents from high lands after heavy rain. Snch 
valleys, in their upper part, may receive the snows 
that there replace rain, and, these snows being con- 
verted into ice, may by constant increase become enor- 
mous masses of ice, which are carried down to the 
lower and warmer parts of the valleys faster than 
they can be melted. In such cases they encroach 
on the lands that might otherwise be cultivated. 
However this may be, the valleys of mountain dis- 
tricts are water-channels, commencing as torrents 
and carrying down the rains into the comparatively 
level lands below. As they descend towards the open 
country they gradually open out and lose something 
of their torrential character. But it rarely happens 
that they fail in indicating their origin. They are 
due partly to the variations and irregularities of 
surface inevitable when rocks have been lifted up 
many thousand feet and converted into mountains, 
but chiefly to the perpetual action of water flowing 
over and amongst them, undermining some rocks 
and eating out others, but always tending to widen 
and deepen the watercourse, and generally selecting 
the readiest course downwards. 

But all valleys are not of this kind. There are 
some which do not commence on the sides of high 
mountains, which have no glaciers, and which have 
nothing to do with torrents. Such are the valleys 
of table-lands. They are clefts or ravines in flat 
limestone or other rocks, often winding about in a 
complicated manner, often conveying vast bodies of 
wa^r, which may rush along and faU over Tgt^\^\R^^ 
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or run rapidly over huge stones, but usually having 
highly inclined or vertical walls, which close them in 
distinctly and strictly, though sometimes they are 
miles apart. 

Few varieties of scenery are more grand than 
those which are offered in valleys of this kind. They 
often commence abruptly in a narrow fissure in the 
rock. Becoming watercourses, which must happen 
when they receive the drainage of the elevated 
plain they intersect, they naturally become worn and 
show the action of water; but in many cases they 
retain their essential characteristics as long and 
comparatively narrow clefts in rocks, lying almost 
horizontally, and whose surface is many hundred, 
perhaps many thousand feet above the sea. 

Deep narrow valleys in table-lands and mountain 
valleys generally terminate abruptly before they 
reach the sea, and during the rest of their course the 
rivers that have been carried through them continue 
their course to the sea through flat lands, very little 
elevated. 

Such flat lands are called low plains. They are in 
most countries very extensive, and in some compose 
by far the largest part of their surface. Like the 
table-lands, they are known by different names in 
different countries, but the same general description 
appHes to all. Besides the low plains crossed by 
rivers, there are, however, some others in the interior 
of continents that are in no way connected with 
drainage. Some of these are barren, a« the great 
deserts of Africa and Arabia. Some are more 
fertile. 

Almost all the principal divisions oft^ws^ ^ase^^^ssi.- 
fern large tracts of low ipVam. ^-ol >3cLt5k 5stfs^sS^-^»6sd^ ^"t 
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Europe there is a vast expanse of level land, about 
sixty feet above the level of the Black Sea, known as 
the steppes. These vast plains reach back in places 
to the Arctic Ocean, without interruption £rani rising 
ground, except a very few low hills. They are to 
some extent undulating, but only because here and 
there depressions appear, in which during winter the 
snow rests, although in summer there are villages in 
them. They contain a few trees, and generally water 
may be found by digging. With the exception of 
these hollows, only seen when nearly reached, there 
is no break in the monotony of the landscape. In 
summer the plains are partially cultivated, and good 
crops are got from them. They are extensive enough 
to grow com for the whole of Europe. There are 
no roads over them, and no stones. The value of 
the soil varies greatly in diflferent parts, but the cha- 
racteristics of the surface remain. These vast plains 
extend into Siberia, and across the whole of northern 
Asia. 

In Arabia and in the interior of Africa are exten- 
sive low plains, which are called deserts, and in which 
no cultivation is possible, except in the comparatively 
few parts where water is met with. In the central 
parts of Africa, below the equator, there is also a 
large area of low flat lands. 

Noi'th America has very extensive tracts, known as 
prairies or savannahs. They occupy more than two 
and a half millions of square miles, chiefly between 
the Rocky Mountains and the Alleghanies. There 
are several varieties, some being plains covered with 
low bushes and heath, others are grassy, others again 
covered with pools and swamps, while some exte^i- 
sire districta are covered with Ioosq aaad^ -w^n.^, ^iVL 
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properly cliecked and kept from shifting, is constantly 
tending to extend its sway, and convert good culti- 
vable lands into deserts. The pine is an invaluable 
remedy in such cases, and the great tracts partly 
covered with pine are called pine-barriers. Other 
wide tracts of. low land, more to the north, are 
swamps in rainy we^rther, and only available during 
the fine season. On both the great continents there 
is a vast preponderance of low plains towards the 
northern extremity. 

In South America we have first, in the northern 
part, the llanos, or low plains, traversed by the 
Orinoco and Amazon. These are of two kinds — the 
silvas, or forest plains, of which there is more than 
a million of square miles, much of which is inundated 
every year ; and this part is covered with rich tree 
vegetation or forest coming down to the water's edge. 
It is little above the level of the rivers. The llanos 
altos, in the upper part of the great river, are much 
smaller, and are comparatively barren. They are 
without stones, and covered chiefly with grass. 

The pampas are also treeless plains, and are nearly 
as extensive as the llanos, occupying a length of 
nearly 2,000 miles. They stretch across a large por- 
tion of the south temperate zone in South America, 
reaching into Patagonia, and, though varying in 
different places, are for the most part level, or very 
slightly undulating plains, without trees, and yield- 
ing an almost indefinite supply of herbage for horses 
and cattle. 

Australia has its extensive low plains in the interior 
as well as on the coast, and they are covered with 
vegetation at one period of the yQaac^\5^ ^a:^ ^ibq^ 
naked at other times. 
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Other large islands on tlio earth are similarly pro- 
vided. It is easy to perceive that the low plains and 
valleys are more important in many ways — in the area 
they occupy, in their usefulness to man, the nature 
of their products, and the relation they bear to the 
rest of the land — ^than mountains and plateaux. They 
have also, and always have had, a marked reference 
to the distribution of plants, animals, and human 
races. It is the mountain chains that mark the grand 
outlines, and represent the bony framework of the 
earth, but the lower lands are those on which plants 
and animals best thrive. 
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CHAPTER IV. 

THE OCEAN. 

Three-fourths of the whole surface of the earth 
being covered by water, which occupies almost 
every depression, and whose surface always remains 
at nearly the same distance from the earth's centre, 
it will easily be understood that the form and posi- 
tion of the coast-line which rises above that surface 
absolutely determines the form and number of the 
different sheets of water. Strictly speaking, how- 
ever, there is only one ocean or expanse of water ; for 
the great continent or Old World, the continent of 
America, and that of Australia, are but the largest of 
a multitude of detached lands surrounded with 
water. For the sake of convenience it is usual to 
recognize several divisions of this great body, 
although in this case, as in the designation of the 
land, geographers have not always been agreed as to 
the method of dividing and the names to be given. 

Three great oceans are very easily determined. 
One is very much larger than either of the others, 
but all are well defined. The largest is the Pacific, 
the Atlantic comes next, and the Indian Ocean is 
the smallest. The water contained between the 
western coasts of Europe and Africa and the eastern 
coast of the two Americas is that usually called the 
Atlantic Ocean, sometimes the Atlantic Canal, from 
its narrowness in proportion to its length. li» \^ *Uc^ 
oce&n of chief interest to civtXVl^^ ii'6iBvsyD&* ''^>m^ 
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Pacific, though far larger, is less important. It 
extends from the east coast of the land and islands 
of the Old World and Australia to the west coast of 
the New World : it covers more than half the surface 
of the globe. These two great oceans are open to and 
connected with others of much smaller size. Be- 
tween the Pacific and the coast of Africa is the third, 
or Indian Ocean. Between the Atlantic and Pacific, 
towards the north, is the Arctic Ocean ; and between 
the Atlantic, Pacific, and Indian Oceans, and the 
South Polar land, is the Antarctic Ocean. These 
two (sometimes called the Polar Seas) afibrd a ready 
communication by the south, and a much more 
difficult but open- water communication by the north 
between the Atlantic and Pacific Oceans. 

The Atlantic Ocean, though very much smaller 
than the Pacific, is better known, because it is much 
more frequented, and is the great highway of trade 
between the ^most commercial and energetic peoples 
in the world. It is bounded by the western shores 
of Europe, and two vast seas, the Mediterranean and 
the Baltic, open into it from the east. The former 
runs far inland between the south of Europe and 
the north of Africa, washing the shores of Asia 
Minor, and penetrates by the Black Sea into Asia. 
The Baltic is a very extensive but shallow sea, en- 
tering the north of Europe. On the other side the 
Atlantic washes the eastern shores of North Ame- 
rica ; and there also great inland seas, opening into 
it, penetrate the land to a vast distance. Between 
North and South America the Gf^ulf of Mexico 
fmd the Caribbean Sea partake of the nature of 
inland seas, and add greatly to the magnitude of the 
Aidantio', and the length of ita coaaVlicL^ i« every- 
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"where exceedingly great compared with its area. 
The length of the Atlantic from the Arctic to the 
Antarctic Oceans in about 9,000 miles. Its breadth 
is irregular, varying from 800 miles between Gf^reen- 
land and Norway to more than 6,000 miles under the 
tropic of Cancer. It diminishes in breadth towards 
the south, and between Afirica and Brazil is only 
about 1,500 miles. It again widens still farther 
south, as the shores of Africa and South America 
diverge gradually ; and between the Cape of Good 
Hope and South America the distance is nearly 
4,000 miles. The area of the ocean is about 
27,000,000 of square miles. 

The Atlantic Ocean is thus a great canal, ranging 
north and south, and allowing of a direct water 
communication from the Arctic to the Antarctic Seas. 
Crossing the equator, and reaching nearly to the 
two poles, its waters exhibit every variety of tempe- 
rature, being heated at the equator to as much as 
90 degrees, and lowered to the freezing point 
towards the poles. The varieties of motion to which 
it is subject are not less extreme than those of 
temperature ; and in all we may recognize the influ- 
ence of the vast tracts of land which enclose it and 
force it into various conditions, which again re-act 
on the land, especially on the shores of the two con- 
tinents, and most especially on the lands in the 
Northern hemisphere, where the influence is on all 
accounts the greatest. 

Hence it is that the Atlantic is frequently dis- 
turbed by storms, and is dangerous from the magni- 
tude and broken nature of its principal waves; 
hence, also, the complication it offers of those -qena- 
dical movements caUo4tiie^\ ^^o^'^tdiss^^^^'^'^^ 
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movements or cturents, which are strongly marked, 
chiefly because of the canal form of this ocean. The 
atmosphere over it is also greatly affected by the 
form of the enclosmg land, the tides, and the 
currents, and all these acting in concert, greatly 
affect the climate of lands far away from the imme- 
diate shores of the ocean. It would need long and 
careful study to determine all the results of the 
form, extent, and direction of the Atlantic Ocean. 

The form and depth of the bottom of this great 
body of water are also important, and have great 
influence on the movements of its waters. It is not 
easy to learn accurately the form of an ocean floor. 
We cannot hope to see it under any circumstances. 
We can only reach the deeper parts by very care- 
fully contrived apparatus ; and while each separate 
observation taken in deep water requires much time, 
as well as numerous precautions to prevent error, 
it needs many thousand such observations to give 
even a faint outline of the truth. This work has, 
however, been done to some extent; and not only 
the form but the actual material of the floor of the 
Atlantic are known. Deprived of its water, the bed 
of this ocean would be a deep valley, with some very 
deep depressions. Like other large depressed tracts 
of land between two mountain chains, it would 
present large level areas but little depressed, occa- 
sional hills varying the surface of these low plains, 
sudden and rapid slopes descending to lower levels ; 
these representing, but in inverted order, the high 
plains or plateaux of the land, and other depressions 
reaching profound depths representing mountain 
chains and lofty peaks. The depths nearly corre- 
spond with the heights on land. The greatest depth 
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in the Atlantic is something greater than the greatest 
height of the Himalayan chain. 

There are islands in the Atlantic, consisting of 
detached peaks rising out of deep water, and many 
more and larger islands near contiaents, consistLng 
of irregular snmmits, separated by small depths of 
water from the nearest land. Bnt the islands are 
few and nnimportant compared with the magnitude of 
the ocean. The West Indian gronp, the British 
Isles, the Azores, Madeira, the Canaries, and a few 
others, are exceptions to a very general rule. There 
are, however, numerous islands in the Mediterranean 
and other enclosed seas, although on the whole the 
Atlantic presents a nearly uninterrupted water surface. 

In proportion as the open water is uninterrupted, 
the line enclosing the waters of this ocean is broken, 
indented, and elongated. The coast-line of the whole, 
measured round each bay and headland, and following 
each indentation and inland sea, is marvellously ex- 
tended as compared with what would be the case if 
there were no breaks. The Atlantic is a sea remark- 
able for its inland seas and gulfs. The former are of 
the greatest importance to mankind. The Mediter- 
ranean is itself almost an ocean, not so much for its 
magnitude (which is, however, more than a million 
and a quarter square miles) as for its varied features 
and its deep ramifications into the great continent of 
the Old World. Except for the narrow and low Isth- 
mus of Suez it would connect the Atlantic with the 
Indian Ocean. It separates Europe from Africa. It 
has many promontories, many gulfs and bays, many 
islands and groups of islands, receives the waters of 
many large rivers, and is connected with lar^e mlaaajL 
Beas, of which the B^k Sea ^coA. >i^aft ^^'e.. <^*^ ^^^*s.^sK58k 
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tbiO most important. Many parta ao^ exceedmglj 
deep, and it is divided into two parts by a ridge 
whicli at one time formed a connecting link between 
tke Pyrenees and the extremity of tlie AtfeiS Moun- 
tains. Its waters are salt, and tbeir temperatore 
bigber tban tbat of tbe ocean outside tbe Straits of 
Gibraltar, wbicb connect it witb the Atlantic. Tbe 
Baltic is a long, narrow, winding, and sbaliow sea^ 
baying an area of nearly a quarter of a million of 
square miles. It spreads out lil^e tbe fingers of a 
band. On tbe sbores of tbe New World we bave tbe 
Gulf of Mexico, witb tbe Caribbean], Sea^ and Hud^- 
son's and Baffin's Bays, all equally remarkable for a 
complicated outline, wbile tbe Gulf of St. Lawrence^ 
nearly sbut in by tbe peninsulas of Kova Scotia and 
Newfoundland, completes tbe outline. Tbus tbe 
deeply indented coast is a general cbaracteristic. 

Tbe Pacific Ocean bas an area of about 90 milHons 
of square miles, and is exceedingly ricb in islands. 
Tbe largest of tbese are cbiefly clufitered in tbe 
Indian Arcbipelago and near Australia; but tbe 
number of small islands dispersed in tbe open ocean 
bas never been accurately ascertained. Tbere sure 
certainly many tbousands. Tbe form of tbe Pacific 
is. an oval, wide to tbe soutb and narrowing towards 
tbe nortb, leaving only a narrow passage inta tbe 
Arctic Ocean by Bebring's Straits. Owing to its 
vast size and freedom &om interrupting land tbis 
ocean is less subject to violent gales tban tbe Atlantio 
(wbence its name), and its currents are. less strongly 
marked. Its influence also, and tbat of its currents, 
is less readily traced near tbe sboses and in tbe 
country adjacent. 

On tbe whole the shores ofi tlie Pe^i&c e^aclo^ ^ 
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vast area of water of variable but great depth, and 
the form of the ocean floor is persumed to resemble 
that of the Atlantic. This is, however, very imper- 
fectly known, owing to the comparatively small nnm- 
ber of observations of depths that have been made,, 
and the fsur less amount of navigation on its waters- 
There are not less than Ave land-locked or closed 
seas on the northern shores of the Pacific; but though 
large they are less important than those of the Atlan- 
tic, and very much smaller in proportion to the extent 
of open water. The peninsula of Aliaska and the 
Aleutian islands enclose the Sea of Behring ; the 
peninsula of Kamtschatka and the Kurile islands 
shut in the Sea of Okhotsk ; the islands of Formosa 
«ind Loo Choo form the northern China Sea ; and the 
Philippines and Borneo the southern Sea of China. 
On the American side we have the Gulf of California. 
The coast-line of the Pacific is very little indented. 
On the Asiatic side, although there are several 
inland seas, they are chiefly formed by islands, and 
the coast itself is comparatively unbroken, with the 
exception of a few not very large peninsulas. On 
the American side California is the only large penin- 
sula, except Aliaska. Between California and Pata- 
gonia, on a length of coast amounting to about 5,000 
miles, there is hardly a promontory or a bay worthy 
of notice. 

The Indian Ocean (area about 23 millions of square 
miles), unlike the Atlantic and Pacific, is entirely 
shut ofl* towards the north by the land of Asia. It is 
enclosed on the west by Africa, on the east by the 
Malayan peninsula, the islands of Sumatra, Java, &c., 
and Australia, and is quite open, -to '^^^ %ws5Ss\* "V^ 
form is that of an irregular tnsw^e^- 1u\»>ds^ ^sasfls^ 
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important inland seas, of whicli that sometimes called 
the Persian Sea (into which enter the Red Sea and the 
Persian Gulf) and the Bay of Bengal are the prin- 
cipal, and a few islands of which Madagascar and 
Ceylon are by far the largest. Both are connected 
with the adjacent main land. There are also a mul- 
titude of small coral and a few volcanic islands 
The length of its coast-line is considerable. 

The Arctic Ocean (area 3 millions of square 
miles) is bounded by the northern coasts of Europe, 
Asia, and America, and connects both with the 
Atlantic and Pacific. For a large part of the year 
it is choked with ice, and from the lands that enclose 
it huge masses of ice are detached, and float down 
through this sea into warmer latitudes ; but there is 
some reason to believe that open water extends in 
summer quite to the Pole. It has a very indented 
coast-line, and contains some large islands. Green- 
land is the largest; Nova Zembla, Iceland, and Spitz- 
bergen are all important. The Antarctic Ocean 
(area 2 millions square miles) is less known than the 
Arctic. It contains much more land, and is nearly 
"unapproachable, owing to the severity of the cold. 

The waters of the ocean are everywhere salt, but 
the degree of saltness varies : nearly thirty-five parts 
in a thousand of solid matter is the average. The 
salts include about twenty-four parts of common 
salt, and about four parts each of salts of magnesia 
and soda, which render the water bitter and nauseous. 
The other contents are very numerous, but small in 
quantity. Sea water contains a certain quantity of 
air, which is necessary to the existence of life. Con- 
taining so much solid matter, sea water is denser 
Bnd weighs heavier than an equal quan^ty oi fs^sh. 
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water. The presence of the salt in water prevents 
it from freezing at the ordinary temperature at which 
other water becomes solid. 

Owing to the facility with which fluids are moved, 
the waters of the ocean are constantly exposed to the 
action of wind and changes of temperature, and are 
rarely still long together. Besides the winds there 
is an important cause of disturbance in the direct 
attraction of the moon, whose position with regard 
to the earth is constantly shifting, and which, owing 
to the revolution of the earth on its axis, acts con- 
tinually at a different part of the surface. The 
attraction of the moon on the solid earth is in pro- 
portion to its mass, but as the whole earth must be 
drawn together, and only the water that is nearest, 
the result is not very different in amount ; but its 
effect necessarily is to draw the earth away from the 
water on the opposite side. Thus while the water 
nearest the moon is drawn towards it and bulges a 
little, the earth being drawn at the same time in the 
same direction, there is a bulge of water on the op- 
posite side. This is of course constantly going on ; and 
thus, if there were no projecting land, there would be 
one small wave forming high water at the part of 
the earth nearest the moon, always following the 
moon, and another such wave exactly opposite, in the 
other hemisphere, advancing in the same direction. 
These two small waves, whose height would probably 
not exceed a few inches, are in fact formed and 
travel across the open part of the Pacific Ocean ; 
but they would hardly be discoveittble by the nicest 
observation, although they originate the true tidal 
wave. They are greatest when the eaxtK i& \5ftk\s^^«a^ 
the Ban and moon, or the ixx.ooii\>e\i!?i^«^^^ ^sqcec^sss^ 
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earth, because the sun also acts in the same way, 
though to a very mnch smaller extent. Thus the 
full and new moon are times of high, or, as they are 
called, spring tides. The inflnence of the snn and 
moon at the quarters being opposite, those are times 
of reduced or neap tides. 

The tidal wave being thus formed, it is modified 
and sent out of its course whenever the land comes 
in its way. Originating, as we have assumed in the 
Pacific, the wave follows the apparent path of the 
moon from east to west, until it is met by the long 
chain of islands and lands extending as a barrier for 
nearly 8,000 miles. 

Checked and broken by this barrier, the wave still 
continues to advance, though it loses its regular 
character. The amount of rise of the water that 
cannot be discovered in the open ocean becomes 
multiplied when forced to pass through narrow chan- 
nels, and, mixing with the rest of the true tide- wave 
of each sea, is conducted through the Indian Ocean 
and round the Cape of Good Hope to the Atlantic. 
Its progress, however, is then very diflbrent. 
Owing to many interruptions, the wave has been de- 
layed, and several waves are combined; while, owing 
to the form of the Atlantic valley, the combined wave 
is altered entirely in direction, and is pushed forward 
in a direction nearly north. The water being 
throughout of variable depth, there is a still further 
cause of modification, and thus we at last obtain that 
exceedingly complicated alternation of water level 
called the Atlantic tidal wave. This wave, whose 
course and rate of advance are known, and which is 
already quite distinct from the simple wave described, 
advances and enters many narrow Boaa, asvd thus be- 
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comes altered still more, a;iid istall forther osagnified ; 
00 that, ftom hemg otiginally measured by inolies, at 
is foxmd to rise and flsJl twenty, forty^ or even seventy 
feet in certain places. There is another very impor- 
tant consideration. The tidal wave, originally only 
a moving np and down of the water, involving no 
forward motion of the body of water in t^ ocean, 
becomes at last changed into a positive advance and 
recession, carrying the water forwards and backwards, 
and becoming what is called a stream or <;nrrent. The 
tme tide wave is not a stream, and in open watery or 
in a great ocean, has no efiect in impelling vessels 
<mward. It only becomes a s<«*eam as it enters and 
runs np narrow channels. In the absence of land, 
the tide wave wonld complete its eonrse rotind the 
earth in twenty- four honrs, but wonld be hardly per- 
ceptible anywhere. Interrupted^ as its course is, ihe 
wave becomes very distinct, thongh still small, in 
tiie Atlantic, and as it passes along the coast of Eng- 
land, and through ^e British Ghanxiel and Oem^a^ 
Ocean, it sweeps onwaard, in some places advancing 
and retiring four times a day, and occasionally push- 
ing in or receding with great velocity. The main 
tidal wave, which takes little more than twelve hours 
in travelling from tiie shores of Australia to those of 
Africa, takes nearly as much to reach the Canary 
Islands, and four hours more to arrive at the mouth 
of tiie British Channel. It there divides, part goes 
• up the Irish Sea and round Oreat Britain into the 
North Sea, and part up the British Channel to the 
C^erman Ocean. Thms are produced local tides, and 
sometimes double tides, and the phenomena become 
more and more complicated. 
Besides the alternate ^o^osi ol ^^ ^^^ ^c>sbss%, 
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and falling every few hours, but nowhere steadily 
advancing, there are also other and not less im- 
portant movements of the water, some occasional, 
some perpetual. The former are due to occasional 
winds, whose action lifts the surface of the water, 
and after a time effects a definite system of waves» 
These are wind or storm waves, varj^g according 
to the force of the wind. They are sometimes so 
powerful as to risk the destruction of any ship ex- 
posed to them. They rise to a great height — occa- 
sionally as much as forty feet — and the tops or crests 
break and fall over with terrible force. Storm 
waves drifting in shore over water gradually shoal- 
ing are magnified to a much greater extent, and are 
often destructive not only to ships exposed to them, 
but to the cliffs themselves against which they beat. 
Nothing can resist their violence. 

But most remarkable of all are those stream 
currents — ^rivers of salt water running between banks 
and over a bottom of salt water — of which a very 
wonderful and well-known example is seen in the 
Qhjdf Stream of the Atlantic. This stream, whatever 
its previous history may have been, may be best 
understood when traced &om the Gulf of Mexico, to 
which it owes its name. It issues thence as a stream 
of hot water, originally set in motion by some causes 
we cannot yet fully understand, and running through 
the narrow channel formed by the Bahama Islands 
and the coast of Florida at the rate of nearly five 
miles an hour ; its width being there more than 30 
miles, and the depth estimated at 1,200 feet. This 
vast stream widens, shallows, and slightly cools as it 
passes northwards along the shore of North America. 
Ii^ then tnrna eastward, and pasaing ]S€^ibvm.dksxd^ 
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crosses ihe Atlantic towards the European coast. 
Constantly widening and becoming less deep, dimin- 
ishing in its rate of progress and becoming cooler as 
it runs on its course, this magnificent current con- 
tinues to be a warm stream, limited in width and 
depth, and travelling steadily onwards till it is lost 
on the shores of Europe. It travels more than 3,000 
miles, occupies 80 days in its progress, and conveys 
an amount of heat sufficient to give to our islands 
and the adjacent main land of Europe a climate 
altogether different from, and much more moderate 
than that of places in similar latitude on the oppo- 
site shore of the Atlantic or on either shore of the 
Pacific Ocean. 

There is no current in any of the oceans so im- 
portant or in every way so well marked as this, but 
there are many that are sufficiently powerftil and 
influential to deserve notice. They exist in all large 
seas to some extent. In the Atlantic, besides the 
Gulf Stream, we find a cold Arctic current bringing 
down cold water and ice from the Pole to the shores 
of America ; a hot equatorial current from the coast 
of Africa, part of which enters the Caribbean Sea, 
and part runs down southwards along the coast of 
Brazil ; and a cool Guinea current from the entrance 
of the Mediterranean, close to the African coast, as 
far as the equator. 

The Pacific Ocean also has its currents. There 
is the main equatorial from America to Asia ; an 
Antarctic cold current running north-eastwards from 
the South Polar seas; the Japanese current, repre- 
senting, in a very modified form, the Gulf Stream ; 
and the Mexican coast current from California, t^ 
Panama^ varying witix tiie EOdaon* ^YS\«stfe«B»^i^asst?^ 
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connecting these wiiih eaoli other, or widi the 
Atlantic on the one side, and the Indian Ocean on 
the other. The Indian Ocean receives the equatorial 
cnrrent, and conveys it as a drift between Madagascar 
and the main land of Africa, and so round the Gape 
of Good Hope to the Atlantic. There are also many- 
local and less important streams in various parts of 
the great ocean and in many of the inland seas. 

By means of all these currents the great body of 
water in the ocean is kept in a state of circulation^ 
for, unlike the tidal wave, which can at most mix the 
waters of the surface with the deep water, these 
stream and drift currents convey large bodies of 
water, from one part of the ocean to another. Thus 
the warm waters of the equator are carried to distant 
shores, warming the air and equalizing the climate 
of the continent they approach. On the other hand, 
the cold waters of the polar seas come down into 
warm latitudes^ cooling the air and rendering 
climates temperate. Everywhere the result is seen 
on the adjacent land ; and it is in this way that 
various lands having different climates differ also 
very greatly in their vegetation and their animal life. 

There is, however, no reason to doubt that the 
direction and force of most of these currents has 
been greatly influenced, if it has not been originally 
caused, by the form of the land, and that in this, as 
in other ways, water re-acts on land and land on 
water. Owing to the great and beneficent law of 
nature that there shall always be a supply of vege- 
table and animal life fitted to the existing conditions 
of climate, the earth is thus peopled, and the circu- 
lation of life kept up in connection with the circa- 
iaHon of wsaber. And we BhaLl preaeioiV^ «aa <ib&t 
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the circulation of the atmosphere, and of water 
through the atmosphere, is intimately connected 
with the working of this important law. We need 
not in this place stop to inquire the ultimate cause 
of these movements of water and air. We mnst 
become familiar with the facts and their con- 
sequences before we can nnderstand all the obscure 
and varied forces that have acted to produce them. 
Probably the motion of the earth from west to east 
in its daily course, and the hanging back of the 
water, owing to jfriction, may determine the small 
stream known as the main equatorial cnrrent, which 
is in some sense the parent of all currents ; and then 
the form of the land and its position, the motions of 
the water produced by great differences of tempera- 
ture, the much greater evaporation over some parts 
of the water surface than elsewhere, and the quantity 
of fi^sh water brought in by rivers, may explain most 
of the phenomena. 

It is known by observation that the temperature 
of the water in warm seas diminishes with the 
depth, and that at the equator, while the surface is 
greatly heated, at a depth of above 7,000 feet there 
is a degree of cold almost equal to that of the 
freeziug point of fresh water. This depth diminishes 
as we approach the more temperate regions, and the 
cold water gradually approaches the surface till, iu 
high northern and southern latitudes, it actually 
reaches it. But the lino at which it reaches the 
surface is by no means always at the same distance 
from the pole. 

On the other hand, in high latitudes and near the 
poles, the water is warmer in the deeper parts of the 
sea than at the surface, la «* ^Tsi^\S!&a ^"^iuet "^as^ 
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great and permanent differences of temperature tliat 
have been observed can only be cansed by the 
existence of warm surface- currents setting from the 
equator towards the poles, and returning in a cooled 
state at great depth from the poles towards the 
equator. 

The temperature of the surface of the sea varies 
little in the same place at different hours of the day, 
and not much at different seasons of the year, except 
near the shore. 

Such are some of the special peculiarities of the 
ocean. In its magnitude, its depth, its regular 
streams and currents, its occasional disturbances by 
the wind, its saltness, and its tides, it is recognized 
as a part of the earth not only important in itself, 
but influencing in an extraordinary degree the land 
as the habitation of man and the lower animals. It 
is absolutely impossible to understand the nature of 
climate without a knowledge of this influence. 
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CHAPTER V. 

SPRINGS, RIVERS, AND LAKES. 

The water on or within the earth's surface that does 
not form part of the ocean is either collected in large 
or small depressions, called lakes or pools, or it runs 
down from mountains and table-lands, through valleys 
into low plains, to enter lakes or the sea, in which 
case it becomes a river ; or it circulates underground 
within the surfaoe, and only issues at hill- sides or 
in plains or valleys as springs. The ocean, lakes of 
various kinds, rivers of all magnitude, and springs, 
include, therefore, the whole quantity of water on 
and in the earth. The total amount of surface occu- 
pied by these latter sources of supply is not very 
easy to calculate, but it is certainly very small indeed, 
even compared with the area of land, and therefore 
still more inconsiderable in reference to the earth's 
surface. Including everything, they can hardly reach 
three quarters of a million of square miles, covering 
not so much probably as four parts in a thousand of 
the earth's surface, while nearly eight hundred parts 
of the thousand are covered by the ocean, and the 
remainder (nearly two hundred) are land. The four 
parts we have now to consider rest on the surface of 
these two hundred. 

The sheets of water on the land, and of course the 
rivers, are generally above the level of the sea, but 
there are some remarkable exceptions. We may 
divide the lakes into two g;ca\SL^^ — ^2!aa^» ^jiws^^ ^sssSi. 
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those below the level of the sea. Or we may divide 
them into two other groups — those containing fresh 
water and those containing salt water. Of the former 
there are several of considerable magnitude, but the 
whole number of salt lakes whose area is more than 
a few square miles each, does not amount to fifty. 
Most of the depressed lakes are of salt water, but 
as all lake water, ajid indeed all river and spring 
water, contains a certain proportion pf solid matter, 
it is only by comparison that some are caUed fresh. 
By salt lakes the geographer means those that are 
salt to the taste. Some of them are exceedingly 
loaded with saline matter, while others are only 
brackish, and even occasionally drinkable. 

The origin of lakes may be either the filling up 
of a natural depression by water derived altogether 
from rivers and springs, or it may be that the sea 
has not only once occupied the bed of the lake as it 
now exists, but covered the land between it and the 
ocean. In this latter case the evaporation of pure 
water from the surface will ultimately dry the lake, 
leaving a salt marsh or salt deposit, unless the water 
evaporated be replaced by spring or river water. 
But the quantity of spring or river water entering 
is likely to bq either more or less than the evaporated 
quantity, for it is hardly possible that it should 
exactly balance the loss. Thus, in salt lakes there is 
a tendency either to become Salter by a loss of their 
water, the solid contents remaining the same, or 
to become fresher, if the streams running into and 
through them are considerable. Salt lakes and fresh 
water lakes form but one phenomenon, and are both 
derived from and connected with springs, rivers, and 
the ooe&D. 
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The origin and liistory of rivers is different. They 
are partly composed of the waters that have fallen 
as rain on high ground, and run immediately, by the 
Ibrce of gravity, to a lower level, till they reach the 
sea. They take their rise in some cases from the ice 
that has been accumulating during wiuter, and which 
melts when warm weather comes, and in other cases 
they are derived from, or increased by, the water 
issuing from, the earth as springs. 

To understand and appreciate the circulation of 
wa^r on the earth, it is well to begin by considering 
the rain as the ultimate source of supply, the water 
being constantly drawn from that great reservoir the 
ocean, conveyed to a distance by clouds, and dropped 
upon the earth in rain, A part of the rain that falls 
enters the earth, and comes out again ia springs, and 
another part runs over the surface. 

Of natural springs there are three kinds : (1) land 
springs, obtained from accumulations of water in 
shallow pools under the surface, and rarely issuing 
naturally ; (2) springs coming out from between 
certain kinds of rocks, having a ^mperature com- 
paratively cool in summer and warm in winter ; (3) 
mineral springs, coming from very great depths, 
and of the same temperature all the year round. 
Most of these are warm, and they are then called 
thermal springs. They are sometimes loaded with 
mine'ral matter of various kinds. The springs that 
are the largest in quantity, and the most numerous 
in most parts of the world, are of the second kind. 
They rise in valleys, and even in the beds of rivers, 
bubbling up with great force. They also break out 
finely on hill-sides. Many of them give a supply 
which is so uniform in tempetfibt^e ^ssA T^^oSsst >a^ 
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quantity, that they evidentlj come from a greab 
depth, and are independent of seasons. Very fre- 
quently the part of the year when the supply of 
water from such springs is smallest is the early 
spring, when the rains are heaviest, and it is a 
common saying in some parts of the country that 
''as the days lengthen the springs strengthen." 

Springs of water are much more common in some 
kinds of rock than in others. Water often comes 
out from every crevice in limestone rocks ; it also 
issues in abundance from hard sandstones under cer- 
tain circumstances. In clays it rarely appears in this 
manner. Springs are common wherever hard tough 
rocks appear, and alternate with loose sands. The 
water, not being able to pass through the former, 
is carried along the latter as through a tube. The 
quantity issuing from some springs amounts to two 
or three millions of gallons a day, but these are very 
rare ; and most of those that issue even in England, 
where the quantity of rainfall is considerable, yield 
less than a million gallons. Artificial borings or 
wells sometimes liberate water existing under pres- 
sure, and produce powerful springs, available for 
human purposes. Such water is generally pure. 

Mineral springs, though common enough in most 
parts of the world, are especially numerous and 
abundant near volcanic districts, and where granite 
and rocks of that class are in contact with slates and 
sandstones regularly' stratified. By their agency vast 
quantities of mineral matter, chiefly carbonate of 
lime (or limestone), are removed from the interior of 
the earth and brought to the surface. The waters of 
the ocean contain about five ounces of solid matter 
^ lihe gallon. Some mineral waters do not contain 
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more than tbe twentieth part of an ounce; others 
contain sixteen ounces. 

The temperature of water issuing from the earth 
must be nearly the same as that of the rocks through 
which it passes. There is always a certain depth 
below the surface where the changes of summer and 
winter are no longer felt, and the temperature is that 
which corresponds to the average heat of the surface. 
This varies in every latitude, and thus the tempera- 
ture of water from deep springs becomes, within 
certain limits, an indication of the depth of the 
source. The deeper the source the warmer the 
water, as the heat in the interior of the earth in- 
creases pretty regularly below a certain depth. This, 
however, does not prevent the surface waters in vol- 
canic districts from coming up almost in a boiling 
state. Boiling springs are rare, and occur only where 
there are volcanoes. The hottest springs coming up 
from a great depth do not exceed 180** F., as they are 
cooled down to some extent while making their way 
to the surface. Hot water conveys a large quantity 
of silica or flint, which is left behind when the water 
cools. Cold waters generally convey carbonate of 
lime. 

The minerals contained in mineral springs vary 
exceedingly, and- the proportion of each varies also 
very much. The salts of soda, lime, and magnesia 
are the most abundant ; iron is exceedingly frequent, 
and carbon (partly in the state of carbonic acid gas) 
is both abundant and frequent. Some springs are 
like natural soda water. An idea may be obtained of 
the large quantity of water rising to the surface, and 
of the quantity of solid matter removed CxqtcelA^Jw^'xbl- 
tenor m this manner, by knomti^ ^JolsX.^ Vci ^^ ^^<5«^ 
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of Carlsbad, in Bohemia, abonfc 15,000 tons of sul- 
phate of soda are brought every year to the surface, 
and that in a small district in the centre of France, 
where the average of solid matter is very small (less 
than an ounce to the gallon), the quantity of carbonic 
acid gas rising in a year, would weigh nearly 40Q, 
tons, and the total solid matter 16,000 tons. 

Rivers (including, under this general name, all the 
smaller streams and brooks of every kind that feed 
them) are exceedingly important in Physical geo- 
graphy, and it is convenient to describe them in groups. 
A group, consisting of a great river with all its tribu- 
taries, is described as a river system. The district 
which supplies the water to feed such a system is 
usually well marked by nature, for water always flows 
downwards, and by following each branch of a stream 
to its source, we obtain a succession of points on 
either side of which the water flows a different way. 
Such a line is called a water-shed or water-parting, 
and the country included between the water-shed and 
the line of coast near the mouths of a principal stream 
is called the drainage area of the river, or sometimes 
its river basin. Every river system has a water-shed 
and a drainage area, and the object of the Physical 
Geographer is to determine the position of all these 
lines and areas, and thus divide a country or sea 
coast into as many drainage areas as there are prin- 
cipal rivers. These are not so numerous as might be 
supposed, and the great river systems of the earth 
are easily known and remembered. There are some 
rivers, such as the Nile, the Mississippi, the Amazon, 
and the Plata, of which the principal stream runs for 
a distance of several thousand miles, and each of 
wJiose drainage areas includes moT^ tibaji a million 
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square miles. There are many others, of secondary 
importance compared with these, but in which the 
total length of the principal stream exceeds a thou- 
sand miles, and their drainage area half a million of 
square miles. These all drain large continents, and 
have tributaries, which, under other circumstances, 
might well rank as first-class streams. The list of 
familiar and important streams numbers neai'ly a 
hundred in all, and very few indeed drain a smaller 
area than 20,000 square miles. In estimating the 
length of a river, the " direct course ** is the nearest 
distance in a straight line to the sea, and the total 
length of course the length of the principal stream, 
including its windings, but not including any tribu- 
taries or branches. 

The river systems are grouped, not so much with 
reference to the land they drain, as the ocean into 
which they drain. Thus we have the Atlantic group, 
the Pacific group, the Indian Ocean group, and the 
Arctic group. Small as the Atlantic Ocean is, comr 
pared with the Pacific, it receives the drainage of a 
very much larger group of streams. Europe, almost 
without exception, drains into it, the rivers either run- 
ning directly into the ocean, or reaching it indirectly 
by the Mediterranean and Black Sea, and the Baltic. 
By far the most important of the African river 
systems — that of the Nile — ^belongs also to the Medi- 
terranean. All the vast streams of the two Americas 
are turned into this great channel, owing to the posi- 
tion of the mountain chain on the western side of the 
continent, and the wide expanse of moderate slope 
on the east. Only a part of Asia belongs to the 
Pacific Ocean, a much larger part emptying into the 
Indian Ocean, while aiioi:>ki.eT \«i^'^^«s\»^<3'^i2t's»^<3e^- 
ward into the Arctic Ocewi, Oi kcaenRS^^^^ ^^^^ 
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important streams entering the Pacific are the Co- 
lumbia and the Colorado, which together do not 
drain half a million of square miles. The rivers of 
Africa enter the Atlantic or Indian Ocean. Com- 
pared with the Pacific, both the Indian and the 
Arctic Oceans receive numerous and large streams, 
and the drainage of large tracts of country. 

The result of this arrangement of the land, and 
its effect on the direction of the streams that convey 
the rain back to the ocean, is manifest in many ways; 
but the direct effect that might be looked for by the 
greater influx of fresh water, in proportion to the 
area of the ocean, and the reduction of the saltness 
of the Atlantic, compared with the Pacific, is counter- 
acted by the greater amount of evaporation that 
takes place, and the fact that most of the water 
raised by evaporation is carried away towards the 
land, whereas in the Pacific it returns to the ocean. 
The currents that enter the Atlantic, bringing salt 
water, are also much more important than those of 
the Pacific. 

Very few rivers run from their principal source to 
the ocean, without being joined by tributaries, many 
of which may be as important as the main stream; 
and if the length of course of the tributaries were 
added to that of the main stream, it would multiply 
many times the apparent magnitude of the stream. 
There are also, besides the rivers that feed the great 
streams, a number of others emptying into the sea 
on the coast between two principal drainage areas, 
which do not enter into calculation. The total 
amount of drainage areas is thus much smaller than 
the total area of land. 

2^be Enropesbn rivers of the Atlantic system include 
C^J those entering the open ocean •, {^ ^o^^ crAfex- 
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ing the Baltic ; and (8) those entering the Mediter- 
ranean from, the north. The streams entering from 
the great islands, especially the British islands, must 
also be added. 

It may be convenient to the student to be reminded 
of the most important of the streams that traverse 
the European continent. They are as follows: — 
(1) Elbe and Bhine (draining 143,000 square miles) ; 
Seine, Loire, and Garonne (110,000 sq. m.) ; Douro, 
Tagus, Guadiana,and Guadalquivir (115,000 sq. m.). 
These, with the Thames (6,500 sq. m.), the Severn 
(5,500 sq. m.), the Humber (10,000 sq. m.), the 
Shannon (7,000 sq. m.), and other British and Irish 
streams, and the Weser (17,500 sq. m.), make up 
the list of those communicating directly with the 
ocean. The Neva, Vistula, Oder, Dwina, and Nie- 
men (total, 305,000 sq. m.) enter the Baltic. The 
Ebro, Bhone, and Po (110,000 sq. m.) enter the 
Mediterranean, and the Danube, Dnieper, Don, and 
Dniester (791,000 sq. m.), the Black Sea. Of these 
the Danube is much the largest, running for about 
1,000 miles in a direct line £rom its principal source, 
and draining 310,500 square miles. The Dnieper 
and the Don are next in order of magnitude, and 
are larger than most of the European streams. We 
thus have three of the largest European rivers com- 
municating, not with the ocean, but with a lake at 
the extremity of a great inland sea. It is not extra- 
ordinary that the waters of this sea are less salt than 
the Atlantic. The same result, due to a similar 
cause, has been observed with regard to the Baltic, 
for, although the rivers entering it are much smaller 
than those of the Mediterranean, they are ixvot^tsqsssis^ 
XOxiB, and 4re all of nearly ^q B^mi^ x{^»^\:o^>xv^^. 
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Besides the rivers here named, the great Nile, 
bringing the drainage from Central Africa, having a 
total cotirse of at least 3,000 miles, also belongs to 
the Mediterranean system ; and as this inland sea 
communicates with the Atlantic only by a very 
narrow passage, it becomes almost an independent 
ocean. The same is the case, to some extent, with the 
Baltic Sea. It has better access to the Atlantic, but 
its waters are much less salt than those of the Atlantic, 
owing to the excess of fresh water running into it, over 
the evaporation that takes place from its surface. 

Several African rivers, one of them (the Niger) 
coming from a great distance in the interior, and 
others (Senegal, Orange river or Gariep, Gambia and 
Coanza) draining the west coast, empty into the At- 
lantic, and help to supply the vast losses that take 
place in the equatorial regions by constant evapora- 
tion. But these rivers, though by no means unim- 
portant compared with European streams, are trifling, 
both in volume and drainage area, compared with 
the American rivers. In North America the Mis- 
sissippi-Missouri; a combination of two first-class 
rivers, drabis nearly a million and a half of square 
miles, and, although its sources are only 1,600 miles 
in a direct line from the Gulf of Mexico, the length 
of course of its longer branch, the Missouri, includ- 
ing windings, exceeds 4,000 miles. Some of its tri- 
butaries, as the Ohio, are rivers of large size and 
great magnitude. This stream alone runs nearly 
1,000 miles. The Mississippi finally enters the Gulf 
of Mexico in the hottest part of the ocean. The Rio 
del Norte and the Magdalena enter the Atlantic from 
the soatb'Westem paj^ of Nortt America ; the former, 
^^r a inn of 2fi00 miles, includm^ ^wm'^xii^S ^^ 
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latter about half that amount. The two drain 
350,000 miles of country. Besides these, several 
streams of importance enter the Atlantic directly 
from North American land, of which the St. Lawrence 
is much the largest. It drains 400,000 square miles, 
and runs more than 2,000 miles. Its direct course 
from the source to the sea is about 1,000 miles. 

But it is chiefly the vast expanse of South Ame- 
rica, consisting almost entirely of great plains, slop- 
ing from the Andes to the Atlantic, that supplies the 
great store of water feeding the Atlantic canal. -The 
Amazon, taking its rise in the Andes, runs nearly 
1,800 miles in a direct line from its source to the 
sea, through a vast extent of country ; and, with 
its tributaries, drains more than two millions of 
square miles. Many great streams, known under 
different names, and draining large districts, com- 
bine their waters before the name of Amazon is 
given to the final stream, which, where it enters the 
sea, is more than fifty miles wide. So large is the 
stream, that the tide runs up more than five hundred 
miles, reaching several of the principal branches 
before its effect dies away. The Amazon, by a 
natural canal in one of its upper branches, communi- 
cates with the OrinpcQ, another great stream draining 
between three and four hundred thousand square 
miles. The sources, of the Orinoco are so near 
those of the Plata — the second in importance of the 
South American rivers — that the waters mix, and 
canoes can be paddled from the basin oif the one river 
to that of the other. From this it is evident that 
the water-shed of a river system does not necessarily 
cross high land, but must occasionally be droj^^s^ 
ihrongh a plain, or even Chxow^ ^»^sfi&a q;^ ^<^^* 
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The Plata is a magnificent stream, whose sources 
are about 1,200 miles in a direct line from the out- 
fall of the river (nearly 2,500 miles, including wind- 
ings). It comprises several large and important 
streams, draining a million and a quarter of squai'e 
miles of the interior of South America. Between 
the basin of the Amazon and that of the river Plate 
(Rio de la Plata) is a district of nearly a million 
square miles, drained by several rivers, of which the 
Tocantins and S. Francisco are the principal. These 
each run more than a thousand miles from their 
sources to the sea, without including windings. 

The Atlantic thus receives the drainage of upwards 
of ten millions of square miles of country, pouring 
in by nearly twenty rivers of first-class size, nearly 
double that number of great rivers of the second 
class, and a vast number of smaller streams, each 
larger than any of the rivers of England, whose 
drainage areas are all less than ten thousand 
square miles. Many of these streams bring down 
large bodies of fresh water to mix with the salt 
waters of the sea. Others hardly reach the sea as 
rivers, though performing an important part in 
nature and entering lakes which have no present 
communication with the ocean, although in former 
times they may have existed under difierent condi- 
tions. 

The Pacific receives from the Asiatic side some 
of the Chinese rivers, and from North America the 
Columbia and Colorado, together draining about 
half a million of square miles. 

There are three principal Chinese streams, each 

draining more than three quarters of a million of 

Bquare miles, ftnd having a direct qourse, vary- 
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ing &om thirteen hnndred to seventeen hundred 
miles. There is a fourth, much smaller, but still 
considerable. The actual course of these streams, 
including windings, is, in each case, about double the 
direct distance of the source from the sea. Besides 
these, there are no streams of importance entering 
this vast tract of salt water. 

The Indian Ocean receives the great rivers of India 
and the drainage of the east coast of Africa. The 
Gtbnges and Bramahpootra, the Irawadi, and the 
Indus drain a million and a half of square miles, 
and the length of course of each, including windings, 
exceeds 2,000 miles. The Euphrates runs 1,800 
miles, and drains 260,000 square miles of country. 
The Menam is still larger, and there are others 
somewhat smaller. The African Zambesi, though a 
first-class river in the great length of its course, 
delivers but a small quantity of water. 

The Arctic Ocean receives from the Old World the 
drainage of nearly four millions of square miles, com- 
prising almost the whole of Asia north of the great 
mountain chain, and also the drainage of a million 
and a quarter square miles of American land. There 
are ten great Asiatic rivers, three of them of the 
first class, running nearly 3,000 miles each. These 
are the Obi, the Yenesei, and the Lena. Of the 
American rivers two only, the Saskatehevan and 
the Mackenzie, are important, one running about a 
thousand miles, the other more than twice that dis- 
tance. The Dwina and Petehora (European streams) 
and the other rivers are smaller. There is no land 
whose drainage areas are known within the Antarctic 
circle. 

The rivers of Australiai ax^ tew Va. TxswsJ5wst^"«siS^ 
(imall compared to the area oi ^^ ^3a!aaL VJas^ ^swsa.. 
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The Murray is the only important stream. It receives 
inany large tributaries, and has a winding conrse of 
about 1,300 miles, near the east side of the Australian 
continent, draining about half a million of square 
miles, and emptying into the Indian Ocean. 

Besides the rivers that enter the ocean, there are 
some that enter lakes, from which there is no conL- 
munication to the sea. The Volga, a noble stream, 
and one of the largest of Europe, enters the Caspian 
Sea, after running nearly 2,800 miles, and receiving 
important tributaries. The Ural, another important 
stream, also enters the Caspian, and so does the Kur 
or Cyrus river. These three streams drain an area 
of nearly three quarters of a million square miles. 
Most of the great lakes have outlets, and communi- 
cate with the ocean ; and many of them are expan- 
sions of river beds. Besides the Caspian Sea, Lake 
Tchad is another example of a lake receiving drainage 
but not having an outlet. The Sea of Aral, Lake 
Balkash, Lake Baikal, and Lake Lob, in the great 
plains of Central Asia, all receive rivers, some of 
them of considerable magnitude ; but no water issues 
from them. The whole of the interior of Asia be- 
tween the water-shed of the Obi, the Yenesei, and the 
Lena, and the Himalayan mountain, chain, is received 
into lakes that do not communicate with the sea. 

The phenomena of water are numerous and varied, 
and require to be careftdly studied ; and of aU varie- 
ties running streams are perhaps the most inte- 
resting. Rivers collect and convey the water that 
falls from the clouds as rain. Without exception 
they are fed by many tributaries, have many branches, 
and help to render large tracts of the earth's surface 
An't/hl and habitable. Bivers in aXV ^evc ^\».^<5i^^ 
fvlwiber as brooks^ siiia«ll streams, or ,Tia^\i5 tw!^^^ 
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of water pouring into the sea, discolouring its waters 
for miles, are among the most important agents of 
nature. They often destroy and always carry away 
part of the land through which they run. They also 
help to renew the face of nature by making fresh 
deposits and extending the land beyond its former 
limits by means of the mud brought down. Some 
run between high cliffs or bluffs, having cut out a 
channel through the rock. Some rush over hard 
rock, tumbling over precipices, or noisily forcing 
their way through difficulties. Some sink under- 
ground and perform an important part of their 
courses out of sight. Some enter lakes and are 
not seen to emerge ; others make use of lakes only 
as resting-places, entering as rapid turbid streams, 
and passing out quietly after depositing all their 
impurities. 

A few examples of some of these results of river 
action may here be useful. In Sicily, near Mount 
Etna, there is. an example of a river having made 
its way through a solid lava current, cutting a 
passage fifty feet deep, and several hundred feet 
wide, within the last two centuries. It is seldom 
possible to measure the rate of progress, but that, 
when circumstances are favourable, it is very rapid, 
there is no doubt whatever. 

The deposits of mud at the mouth of a river, con- 
veyed down by the stream during its progress from 
the mountains to the sea, are occasionally very large. 
They are called deltas, that being the name of the 
Greek letter A, which represents the triangular 
shape of such deposits. One of the most remark- 
able is the delta of the Nile, whick co\as!Q«sMi«5^ ^ioRs^^i^ 
a, hundred miles up the atteasa feoTCi fcX^^sasoSscva^'^eS^ 
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has a breadth of 230 miles at the sea. The river 
has been depositing this mud for a very long time. 
Each year some is left behind at the point where the 
rate of the stream is checked before it reaches the 
sea. When one mouth is choked np, another to the 
right or left is formed, and thus by degrees the width 
of the deposit is increased, and the stream, instead 
of entering the sea where it originally did, is obliged 
to pass over a long distance, covered by the mud 
it has deposited. The Gttnges has a delta, whose 
dimensions are still larger than those of the Nile. 
It commences 220 miles from the sea, and its breadth 
is nearly 200 miles. The Mississippi delta commences 
200 miles from the sea. The great rivers of Europe 
also have deltas. The whole of the flat land of 
Holland is a part of the delta of the Rhine. There 
is a tract of 320,000 acres of flat land, which is the 
delta of the Bhone. The Danube also has a large 
delta. It has been calculated that the quantity of 
solid matter brought down by the Bhine, on an 
average of all the year, is at the rate of about 400 
tons per hour. The total annual deposit made by 
the Gtinges has been estimated as more than six 
thousand millions of tons. When we consider the 
number of the rivers, and the never-ceasing action 
of this cause, we shall learn to recognize its value. 

Many rivers run for some distance over ground 
having only a gentle slope, and then suddenly leap 
over a precipice, or are forced through a narrow 
channel of loose hard rock, on a considerable slope. 
Thus are produced waterfalls and rapids. Waterfalls, 
in the case of great rivers, are rare, but there are 
some of surpassing grandeur. Niagara, in North 
America, tiieZamhesi^ in CentTci A&icai, «ad ^ ^rou^j 
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of falls near the great lakes at the source of the 
Nile, are the largest known. There are others of 
smaUer proportions, but very striking, and more 
accessible to Europeans. Among them the falls of 
the Bhine at Schaffhausen occupy the first place, but 
the fall is only sixty feet. There are much higher 
falls, but of small bodies of water — in Switzerland, 
Norway, and, indeed, in most mountainous countries ; 
and many of these are remarkable for the enormous 
distance through which the water descends, in one 
or more leaps. This, in some cases, approaches 1,000 
feet. The Falls of Niagara include a breadth of 
water of about 1,400 yards, the leap of the water 
being, in the principal division, as much as 162 
feet. 

In most cases the motion of a river is produced by 
a very moderate average fall, the slope of the river 
bed reducing gradually towards the plains, and being 
often scarcely appreciable for many miles near the 
outfall to the sea. The velocity of a river is, there- 
fore, not altogether in proportion to the immediate 
fall. During the 700 miles of the Amazon's course, 
nearest the sea, the slope is barely distinguishable, 
amounting only to twelve inches in all. This is 
nearly level, but in its previous course the water has 
acquired a velocity considerable enough to carry it 
to the sea with a rapid stream. 

An average slope of twelve inches in a mile admits 
of a large river running in a torrent along its bed 
through its upper valleys, falling in a leap, and rush- 
ing over rapids, its course terminating in a steady 
navigable stream. A smaller river, having an average 
fall of forty feet per mile, may hardly show an^ 
difference in this respect, the gte«AfeT ^«s\» ^^ ^^Ssi^ 
occnvriug in the upper vaWeya "wViet© VJtv^ ^Vsc^'wo!^'^^ ' 
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torrent. Two or two and a half miles per hour mnst 
be regarded as a considerable cnrrent, and many- 
large and important rivers have not for a great dis- 
tance an average rate of one mile per hour. 

Many rivers are mere torrents shortly after rain, 
and at other times are almost dried up. This condi- 
tion is especially the case with rivers that run through 
table lands. But all rivers convey water irregularly, 
the quantity being sometimes much greater than at 
others. The mechanical effect of a stream can only 
be judged by that of the largest body of water that 
comes over its bed, and the speed at which the 
highest water travels. Thus rivers that generally 
appear unimportant, but are subject to heavy floods, 
are more really influential on the surface than much 
larger streams running almost all the year at the 
same rate. Some rivers are strictly seasonal in this 
respect, rising almost at the same date and nearly to 
the same height every year. Others vary much in 
date and amount, but have a certain amount of regu- 
larity. Others again are altogether irregular. The 
Nile is a well-known example of regularity of flood. 
The river begins to rise at the head of the delta 
about the end of June, and continues to increase till 
the end of September, when the whole of the flat 
country is generally quite under water. After re- 
maining for a few days, it gradually retires. 

The great rivers of India are subject to occasional 
floods. Rivers that pass through lakes, or through 
wide open spaces that allow the water to expand, 
are less subject to danger from these sources than 
those whose channel is clearly defined. Excessive or 
periodic rains generally cause floods. 
Lakes are not^always expanBiona of river beds, but 
^'^jr be poTtionB of a former oceaxi, T^\nB\saja'\ifc'2sa. 
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already explained at the commencemeiit of the present 
chapter. They are special phenomena, and must be 
referred to accordingly. They occur to some extent 
in most countries, but it is only those of large size 
and permanent importance that we can here consider, 
and these are greatly limited. 

Almost all the salt lakes of any magnitude occur 
in a vast tract of land of considerable elevation in 
some places, but much below the sea level at others, 
extending north and west of the great mountain 
chain, running through Asia, and occasionally 
among the ridges of this chain. Of the whole 
number the Caspian Sea is by very much the 
largest. It occupies a part of a depressed plain, 
the Sea of Aral occupying another part, and the 
level of its water at present is eighty-three feet 
below the level of the Mediterranean. Its area 
(estimated at 130,000 square miles) is greater 
than the areas of all the other salt lakes on the earth 
put together. The Sea of Aral, filling part of the 
same depression, is at a much higher level, and is one- 
fifth part the area. The Dead Sea is depressed very 
much more, and it is very difficult to guess in what 
way it has become what it is. It is 1,300 feet below 
the Mediterranean. 

While some of the salt lakes are much below, 
others are at a great elevation above the sea level. 
In Persia and Turkey there are several large sheets 
of salt water, four or five thousand feet above the 
sea ; the Great Salt Lake of the United States is 
also 4,000 feet ; and there is a salt lake in Bolivia 
more than 12,000 feet above the sea. The Flatten 
Sea, in Hungary (a salt lake) is nearly 1,000 feet 
above the sea. 
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Of fresh water lakes, those of North America ar^ 
by mnch the largest. They form a chain commenc- 
ing near the Rocky Mountains, where are the Great 
Bear and Great Slave Lakes (each abont 14,000 
square miles), communicating by the Mackenzie river 
with the Arctic Ocean. There are five more large 
lakes between these and the great group (also of 
five), of which Lake Superior (400 miles long and 
175 miles wide), Lake Huron (almost as large), 
Lake Michigan, Lake Erie, and Lake Ontario, are 
the well-known names. These five all belong to one 
system of drainage. The lakes communicate with 
each other, and emerge below Lake Ontario, as 
the St. Lawrence river. They cover nearly 85,000 
square miles, and the Great Niagara Falls are 
those of the Niagara river, which connects Erie 
with Ontario. The upper lakes are nearly 600 feet 
above the sea, and the lower lake, Ontario, less 
than 240. 

Next to the North American lakes are those of 
Africa, recently discovered, but now well known to 
occupy an important position in the general physical 
geography of that continent. These are several in 
number, situated on a high table-land, and probably 
connected. Tanganyika is very large, and is close to 
the equator. It is 300 miles long, and 60 miles 
across at the southern end. Lake Nyassa is some 
distance to the south, and is 200 miles long. The 
Victoria Nyanza is about 200 miles from north to 
south, and 300 from east to west. The Albert 
Nyanza is near it, and is 350 miles long and 100 
miles across. Lake Tchad is a large pool on the 
western side of Africa, very shallow, and varying 
louoh in its magnitude and appearance, «LCcot6M\^ to 
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the time of the year at which it is visited and the 
season. 

Asia contains Lake Baikal, a large and important 
sheet of fresh water in Siberia, and a vast number 
of much smaller lakes in China, Chinese Tartary, 
and Tibet. It also contains one very small pool 
(Sir-i-kol, in Turkestan), 15,600 feet above the sea. 
Europe is very rich in lakes, but none are either 
very large or situated very high. There are several 
groups. The Swiss and Italian lakes, though not the 
largest, are so well known and so wonderfully beau- 
tiful, that they deserve first consideration. The 
lakes of Geneva, Lucerne, and Constance, on the 
north, and the lakes of Como and Garda and the 
Lago Maggiore on the south side of the Alps, are 
generally known. The Russian liakes, of which 
Ladoga is the chief, and the lakes of Sweden 
(Wener, Wettem, <fcc.) form two other groups. 
The small but picturesque lakes of Ireland, Scot- 
land, and Wales are familiar and interesting from 
their proximity. They are most of them connected 
with running streams. Lough Neagh, in Ireland, 
contains 150 square miles, and is the largest. The 
Lake of Geneva, in Switzerland, is 260 square miles. 
Loch Lomond is 45 square miles; Windermere 
about 11. 

Spain and France are almost without lakes, but 
Eastern Germany, Bohemia, Gullicia, and Moravia 
contain many thousand small 'pools. Italy, also, 
contains several, chiefly occupying the craters of 
old volcanoes. 

Northern Europe is covered with sheets of water, 
and in Sweden and Finland the proportion of watei: 
to land is large. Lake Lado^a/iiL ""Exs^ksaaAO^ias. "KSi. 
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area of 6,500 square miles. It is connected with 
Lake Onega, abont half the area, and the two con- 
nect the waters of the Neva. Lake Wener, the 
largest of the Swedish lakes, is more than 2,000 
square miles. 

Most of the lakes occnpy natural depressions in 
the land, caused, perhaps, in some cases by the 
niechanical action of water or ice. Concerning the 
origin of other lakes there is great difference of 
opinion. Many large sheets of water are shallow, 
and comparatively few are so situated that even 
their deepest parts are much below the level of the 
sea. * But there are very important and remarkable 
exceptions to this general rule, and there are some 
places on the earth where a natural convulsion or a 
small change in the Jevel of intervening land might 
cause the sea to rush with resistless force over the 
obstacles that at present keep it back, and over- 
whelm vast tracts of land now cultivated and in- 
habited. Such an incursion would be a true deluge, 
and might destroy not cities only, but countries. 
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CHAPTER VI. 

THE ATMOSPHEBS. 

The atmosphere is the name given to the invisible 
fihn of air which entirely surronnds onr earth, which 
partakes of its daily motion on its axis, and which 
accompanies it in its jonmey in space. Compared 
with the mass of the earth, it is very small. It has 
been compared, not unfairly, to the down on the skin 
of a peach, and certainly it is not greater in propor- 
tion. It is exceedingly elastic,^so that near the earth 
its density, or the weight of the quantity contained in 
a given space, is very mnch greater than a few miles 
above the surface. At the tops of monntains only 
12,000 feet high it is only half as dense as in the plains 
and on the sea-shore. Its total height is not easily 
estimated, as it no donbt ihins away into the ether that 
occupies all space. It is certainly recognizable in its 
effect on light, and also on the progress of meteorites 
at a distance of more than fifty miles from the sur- 
face ; and probably up to or even beyond 100 miles 
these effects still take place. The ordinary changes 
that produce winds and storms, the phenomena of 
dew, clouds and rain, and other conditions that affect 
climate, take place in the ahnosphere, and chiefly 
within a moderate distance of the earth. 

The air 'consists of a mixture of gases. In a 
given quantity of common air, about four parts in 
five are nitrogen, and one-fifth oxy^<5?dl ^^s^. ^'Stj 
weight the proportions «t© -wfti^t ^oS55sc««*>> ^s^ 
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oxygen is a little heavier than nitrogen. These 
gases are simply mixed together, and mixed with 
them there is always a little carbonic acid gas. Of 
this, however, the proportion is only about four 
parts in a thousand. The mixed gases forming the 
atmosphere are alble to absorb a very large quantity 
of vapour of water, the quantity that can be held 
without appearance of vapour varying according to 
temperature. The vapour atmosphere, as this is 
sometimes called, may be considered, and its effects 
traced, almost independently of the atmosphere of 
dry air; but the two principal gases, the carbonic 
acid gas, the vapour, and numerous other substances 
of which exceedingly small quantities have been dis- 
covered, all exist together at all times in very nearly 
the same proportion, and all act together in reference 
to changes that are constantly taking place. 

Of these changes, two are very marked and easily 
understood, and are also highly influential in all that 
concerns climate and weather, and the use of the 
atmosphere to living beings. They are changes of 
temperature and changes of pressure. The air has 
not long together the same warmth or cold, nor does 
it press equally over all parts of the earth, or on the 
same place at diflFerent times. This is greatly owing 
to its elasticity and its expansion when heated. Air 
is exceedingly elastic. When pressed upon, either 
by a solid or fluid, or by a large quantity of air 
above, it yields to the pressure and occupies for the 
time a smaller space. When heated it also occupies 
a larger space, and if cooled it shrinks into a smaller. 
Afterwards, when the cause is removed, it passes 
hack readily and perfectly to its original state. So 
mnoh of the peculiar influenco oi tha ato^os^here 
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depends on these conditions and properties, that the 
student of Physical geography requires to have a 
clear notion of them. The changes are measured by 
instruments. Changes of heat by a thermometer, a 
column of quicksilver or coloured spirits of wine, 
connected with a reservoir; the fluid in the reser- 
voir expanding with heat and sinking, with cold, 
and the column rising or sinking, in accordance 
with these changes. Alterations of pressure are 
measured by a barometer, either a column of mer- 
cury in a long glass tube, with no air at the top, 
balancing exactly the weight of the whole of a 
column of air the full height of the atmosphere, and 
of the same area, or a copper box with a thin lid, 
the air being removed ft'om the inside of the box. 
In either case the pressure of the whole column of 
air is measured. In ordinary cases, at the sea-level, 
it is equal to about flffceen pounds to the square inch ; 
and as a column of mercury an inch square and 
thirty inches long would weigh about fifteen pounds, 
this is the usual height of the column. It varies 
within an inch or more on each side for changes 
at the sea-level, and diminishes steadily on rising, 
being reduced to one-half, as has been said already, 
at the height of 12,000 feet. 

. Measuring accurately the pressure and temperature 
of the air, the barometer and thermometer are in- 
struments quit€ indispensable, and never to be 
neglected. Other instruments, almost equally impor- 
tant, show the condition of the air with regard to 
moisture, and measure the quantity of rain that falls. 
Observations on these points are the fundamental 
resources of this department of Physical geography. 

The barometer, measurmg t\i<a ^T«e«QX^ ^^ ^^^ ^a^-k 
which we know to dimixdB^i ^^ wycaa T^sgs^sac^ic^ "w*^ 
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we rise above the surface of the earth, heights may 
thus be measured. The pressure diminishes at the 
rate of about an inch of mercury for 800 feet of rise. 
But as in ascending into the air and diminishing the 
pressure the boiling point of water becomes lowered,* 
so the thermometer becomes also available directly 
to determine the degree of pressure, and therefore 
the height. The lowering is at the rate of 1^ Fah. 
for about 600 feet of rise. 

The atmosphere produces certain important effects 
on the light and heat rays that arrive at the earth's 
surface from the sun. Of rays of light it always 
absorbs some proportion, but much less when the 
rays fall directly than when they are oblique. Of 
10,000 light rays, 8,000 reach the earth if the sun is 
vertical, 7,000 if the angle be 50°, 3,000 if the angle 
be 3°, and scarcely any if the rays pass through a 
horizontal stratum of air. The eye recognizes this 
by the appearance of the sun at different hours of 
the day. 

Besides absorbing certain rays, the air reflects 
others, dispersing them everywhere, and preventing 
that deep blackness of shadow that would otherwise 
be felt. The dispersion of light through and by the 
atmosphere tends to equalize the light everywhere. 
Twilight is an illustration of it. Much of i^e light 
that enters the air is bent downwards, or refracted 
by the different strata of air into which it enters, 
and is broken up. It is thus coloured. The blue 

* The boiling of a Hqnid ib the sudden formatioii d steamy 

which rises in babbles to the surface. The formatioiL of such 

steam babbles is checked by pressure on the water, and rendered 

easier by the removal of pressure. Thus the temperature of the 

Ixfiling point of water marks to some extent ^e ^^'^^\lQti oi «i 
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colour of the atmosphere near the sea is dne, how- 
eyer, to the quantity of aqneons yapotir present. 
At the tops of high mountains, when the sky is dear 
and the sun absent, the colour is black. 

Heat passes freely through dry air, but is inter- 
rupted and absorbed by vapour. Thus radiation of 
heat from the earth is rapid when the air is dear, 
but is immediately checked when a doud or yapour 
interyenes. 

The barometer measures the weight or pressure of 
the whole air. K the atmosphere be moderately dry, 
and the air still, the pressure at the leyd of the sea 
is, as we have said, equivalent to about 30 inches of 
mercury. But if a part of the dry air is replaced by 
vapour, the pressure is diminished, because steam is 
lighter than dry air. Whenever, therefore, air is 
replaced by vapour in the atmosphere, the barometer, 
or rather the column of mercury in it, sinks ; and in 
those places near the sea, especially iu the torrid 
zone, near the equator, where the air is always loaded 
with vapour, there is a permanently low barometer. 
An addition of moisture, or rather the replacement 
of dry air by moisture, always diminishes the pres- 
sure of the air and lowers the barometer. It is im- 
portant to remember this, as the familiar expressions 
of our language with regard to the state of the air 
would suggest the contrary. We all habitually speak 
of the air as feeling heavy, when the barometer is 
low and the pressure is diminished. We are told 
that the air is light and elastic when the pressure is 
at the greatest. These expressions accord with our 
feelings, but th^ do not agree with the results of 
observation. 

Heat expands air, and causes i^ \» "Mft ^Ksni. ^^» 
mHb towards the upper -jgcot of'^^iM^ «tansQBiJ«ssa»^^S?^^ 
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ducmg a kind of wave, and resulting in a general 
advance of cooler air towards the place heated. On 
a large scale this is exemplified in the trade winds. 
The land within the tropics is heated day after day 
by a sun nearly or quite vertical, and this heated air 
rises and flows over towards the temperate and frigid 
zones, while the cold air from those parts of the 
earth is drawn in to replace the heated air travelling 
away. The lower current of air thus produced, 
which would be a north or south current if the earth 
were still, is converted into an east wind, or nearly 
so, towards the equator, because of the motion of the 
earth on its axis from west to east. At the poles 
this motion is nothing ; on the borders of the tempe- 
rate zone it is only a few hundred miles per day ; at 
the equator it is a thousand miles per day. The 
result of this is that by the time the wind, coming 
southwards from the North Pole, or northwards from 
the South Pole, reaches the equator, the point it would 
have reached has travelled eastwards a vast distance, 
and the wind arrives at some other point, appearing 
to have come from a. point of the compas3«a little to 
the north of east. North-east winds blow throughout 
the year with much steadiness in the Atlantic, and 
periodically there are similar winds in the Indian 
Ocean and Pacific. They are called trade winds in 
the former, and monsoons in the latter sea. They 
blow on both sides of the equator, but are separated 
by a belt or zone of calms, about three or four hun- 
dred miles wide, very near the equator. In the 
Atlantic this zone is to the north of the equator, 
owing to the preponderance of land in the Northern 
hemisphere. Its position is not fixed, and in the 
Indian Ocean it ia ^rdly traceable. 
Ziondiuid aea breezes are also regular "wmSia. ^\v6^ 
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are caused in hot conntries on and near the sea 
coast, by the action of the snn's heat, which is much 
greater on land than on water. Some time after 
sanrise, when the soil begins to be heated, the air, 
being also heated, rises into the npper part of the 
atmosphere, and is replaced by air from over the sea, 
which remains comparatively cool. This is the land 
breeze. The heating of the soil continuing, the breeze 
continues during the day, but in the evening, after 
sunset, the earth begins to radiate heat, and soon 
becomes cooler than the water. The reverse now 
takes place. After a lull and calm for a short time, 
the cool air blows from the land towards the sea, and 
becomes a sea breeze. In each case there are upper 
currents in contrary directions. 

The upper currents of the air are chiefly discovered 
by observations made in balloons, or on the top of 
high isolated mountains. They are indicated also by 
the motions of clouds, and by the long distance to 
which volcanic dust is carried during eruptions in a 
direction different from that of the lower currents. 
The upper as well as the lower currents are liable to 
be diverted in their course by the high lands and 
mountain chains, and are affected by the continents 
and the principal islands. As a general rule, how- 
ever, the prevalent winds in all latitudes between 30° 
or 35° N. and 30° or 35° S. are from easterly points, 
and in the rest of the world from westerly. There 
are exceptions in the case of the monsoons, as 
during the winter months these are easterly winds 
in latitudes north and south of 35°, and westerly 
winds within these latitudes. This reversal is due 
to the land enclosing the northern part of the Indian 
Ocean. 

Besides the regular wmdB^ ox, ^^ VN^l *=» Tass«?8k 
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properly called, constant and periodical winds, affect- 
ing certain parts of the earth, chiefly near the equator, 
there is in each hemisphere a large tract within the 
temperate zone where the winds are variable. In 
these middle latitudes in the Northern hemisphere, 
where alone there is any great expanse of land, there 
is, however, more regularity than is sometimes sup- 
posed. In the North Atlantic, west winds prevail to 
such an extent, that sailing ships used to make an 
average passage from America to Europe in three 
weeks, while the passage from Europe to America 
averaged more than a month. The prevalent winds 
over the great continent in the same latitudes are 
north-east. Besides these there are a number of 
winds prevalent over small districts, which may be 
called local winds. 

Winds blowing with unusual strength and rapidity 
become storms. There are various kinds of storms, 
some blowing steadily for a considerable time, with 
varying force, but little change of direction. These 
are called gales, if the violence is not extreme, and 
are sometimes accompanied by thunder and lightning. 
Other storms are limited to certain parts of the ocean 
or to certain districts. Of the former, spiral storms 
or hurricanes are the most remarkable. They are 
known under various names in different countries, 
and are now generally caJHed- cycloneSy owing to the 
circular motion of the air when thus disturbed. 
They are most frequent in the West Indies, where 
they are called hurricanes, and in the Indian Ocean 
and in the China seas, where the name ^typhoon is 
given to them. Storms of the same kind, but far 
inferior in violence, extend to other and distant 
poiata; but the limit of extrem,© violence ia very 
^f^t^xngly jQiarked. The most clisawstexifi^'G ^ I8bs^^ 
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storms commence near the equator in both hemi- 
spheres. In the Atlantic thej are confined to the 
Northern hemisphere, in the Indian to the Southern. 
In the Pacific they occnr in the China seas only. 
They are always accompanied by great disturbance 
in tibe electric and magnetic state of the earth. 

Cyclonic storms exhibit many peculiarities. In the 
West Indies they commence not &r from the north- 
eastern extrenuty of Sonth America. The storm 
travels westwards through the West Indian islands, 
and then tnms to the north-east, near the coast of 
North America, dying away generally in the latitude 
of New York. The direction of the wind in the 
storm is continnally changing. In the Northern 
hemisphere it moves always from north by west to 
south, and then by the east to the north again. The 
actual storm, therefore, moves in a spiral or cork- 
screw shape. The width of the storm is not often 
so much as 500 miles, and the total distance tra- 
velled seldom more than 5,000 miles. It is often 
much 1^. In the Southern hemisphere the storm 
travels westwards, as in the northern seas, bat the 
direction of the wind in the storm there varies from 
north by east to south, and thence by the west to 
north. In the centre of such storms the mischief 
done is generally very great, and the disturbance is 
extreme. The usual, though not the only, period of 
these storms is from July to October in the Northern, 
and from January to April in the Southern hemi- 
spheres. In tibe Indian Ocean the change of the mon- 
soons is the period of storm. 

The cyclonic storms of the tropics are repeated, 
tibough on a much smaller scale, in various parts of 
Europe, and on our Ofwn «hoieB. 'DasBj wa ^wSc^ 
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detected by their spiral nature, by the coBstant 
shifting of the wind during the storm — always in the 
direction stated above — and by the great magnetic 
disturbances preceding and accompanying them. 
They have, however, no well-defined path repeated 
from time to time with little change ; they are very 
much narrower in the breadth of country affected, 
and they have no well-defined centre. In the case 
of the great hurricanes, there appears to be a partial 
vacuum in the axis of the storm ; and here most of 
the serious mischief to houses, ships, and other ob- 
stacles seems to take place. 

The simoom is a burning wind blowing with con- 
siderable violence, and accompanied by a peculiarly 
oppressive sensation. The scirocco is a hot wind 
from Africa, on the coast of the Mediterranean. The 
J*dhn is also a hot wind, blowing over Switzerland 
from time to time. All these are results of the in- 
tense heating of the air in the interior of Africa, and 
they are of the nature of storm winds, but they are 
very different from cyclones and other spiral storms. 

We must now return to the vapour atmosphere, 
and the mode in which it acts. In the ordinary state 
of the air on a fine day with little cloud, there is a 
certain quantity of vapour present in the air, not 
interfering with its clearness or transparency, and 
not recognized by the senses. After sunset, the air 
continuing clear, the earth cools by radiation, and 
leaves and other objects near the earth radiating 
heat also, become much reduced in temperature. At 
a certain point of cooling, the vapour near them is 
converted into water and deposited as dew. If the 
temperature is reduced in this way below the freezing 
point of water, which may easily happen with a very 
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«lear air, even in hot climates, there will be a deposit 
of hoar-frost. All this time the temperatnre a few 
feet above the earth is very little lowered. Six feet 
above the grass the chilling is only one-twentieth of 
that on the grass itself. If the sky is obscured by 
cloud or mist, the radiation is checked, and no dew 
is deposited. 

Aqueous vapour is frequently rendered visible as 
mist, fog, or cloud. These are varieties of the same 
condition. Mist is formed when currents of air of 
different temperature, both containing invisible va- 
pour, meet near the earth. In valleys such mixtures 
are very frequent, and in mountainous countries very 
striking. Fogs are formed in the same way in tem- 
perate climates at various seasons, and hang over 
shores and the mouths of certain streams. 

Clouds are produced when mixtures of currents 
take place at some distance above the ground, and 
the visible vapour is entirely detached from the earth. 
There are several varieties of clouds, some floating 
at a height of many miles, some hovering in large 
masses in mid-air, some drooping downwards and 
almost touching the earth. They are rarely alike 
long together. They assume, as we know, the most 
fantastic shapes, and are occasionally decorated with 
brilliant tints of colour. It is only the clouds that 
form in large masses and approach the earth that 
dissolve into heavy and long-continued rain, but all 
clouds are capable of yielding rain, and drops some- 
times, though rarely, fall through air perfectly clear 
and cloudless. 

Bain is the final result of the changes that take 
place in the vapour atmosphere, when, by alterations 
of its electrical state, accom^^o^^^^ ^x ^sNas6fc^>s»^ 
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opposing cnrrents of air at different temperatureBy 
it has been rendered visible. That water should be 
lifted into, and form part of, the atmosphere, should 
be drifbed through the air for hundreds or thousands 
of miles, should be converted into visible cloud, and 
then should fall to the earth as rain, is one of the 
most marvellous, as it is one of the most essentia], 
of the natural conditions that render our globe habit- 
able. This circulation of water is an event of every 
day. Wherever there is a large expanse of water, 
there is evaporation from it. Whenever the air becomes 
loaded with moisture, and is drifted along in currents, 
it must in time meet other currents in a different 
state, aad whenever there are opposing currents, it 
is likely that there will be changes in electrical con- 
dition, which will end in setting free water from 
the clouds. Over the ocean everywhere, and over a 
great part of the land, the lower currents of the air 
travelling towards the equator cool, and, therefore, 
holding only a little water, are constantly being heated 
and saturated. This same air, when saturated, rises 
and passes back again towards the poles, passing into 
colder countries, mixing with cooler currents, and 
forming mist and cloud, or falling to the earth as 
rain. 

Bain is distributed over the earth with a certain 
amount of regulariiy, and is especially abundant 
within the tropics. Where the sun is vertical the 
earth is intensely heated, and the air is generally 
<jalm. The air is then like a vapour bath. As it 
ascends and is chilled, clouds are formed, and as 
soon as they are formed, torrents of rain descend. 
There is in tropical countries a rainy season, when 
all tile mm of the year Mis. Tko qua-atit^ it& enor- 
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mons, varying greatly in different places. In one 
place in India it amounts on an average to about 
600 inches, or 50 feet in a year. The rain that falls 
in many places in the temperate climates of Western 
Europe is not more than a thirtieth part. All this 
vast quantity of water falls in the space of three 
months, the rest of the year being dry. As much as 
30 inches of rain are recorded to have fallen in one 
day in some parts of India. This is more than falls 
in a whole year in most parts of England. 

Where there is no rainy season, the quantity of 
rain is smaller, and it is spread over a much larger 
number of days. This is the case in the region of 
variable winds already aUuded to, and generally in 
temperate latitudes. The -average rainfall is, how- 
ever, little guide to the real peculiarities of any 
station, even where the climate is most equable, and 
the quantity, as well as distribution of rain, are very 
greatly dependent on local causes. Among these 
the form of the land and its distance irom the sea, 
the position of the nearest high ground, the nature 
of the nearest marine currents, and other facts in 
Physical geography are exceedingly important. The 
total amount of rain falling on an average every year 
in temperate climates near the sea amounts, in few 
places, to so much as 50 inches; but on hiU and 
mountain sides it is ofb^o. very much greater, espe- 
cially when the hills rise rapidly on the extremity 
of a continent, and most especially when the coast 
looks towards the west, the prevalent winds being 
then from the ocean. There is in these cases more 
rain on the coast than inland. Thus, on the east 
of England, the average is in many places not more 
ihan 20 inches, while, on tk© ^©«\» ^o^&\»^*'^Ss^ ^^S^ko. 
upwards of SO, and on tiie ^esfe ^aaSL wa^ oIAx^Sm^ 
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nearly 40 inches. In the middle of England about 
25 inches is the average. On the hills in Cum- 
berland and Wales, however, especially the former, 
the rainfall is not only much heavier generally, 
but in particular spots it is enormous. At Sea- 
thwaite it is 120 mches. While so much rain is 
falling on these hills near the coast, the country to 
the east is particularly dry, the rainfall often not 
exceeding 21 inches. As a striking example we 
may point out that at Liverpool, the sea-level, the 
rainfall is 24fJ inches ; on the Lancashire moors 
adjacent, 45 ; and at Durham only 17 inches. 

It is evident from these facts, not only that the 
rainfall depends on many causes, but that it is easy 
enough to discern what many of them are. Islands 
have a heavier rainfall than continents ; hills receive 
more rain than the coast; the slopes of hills and 
mountains looking towards the prevalent winds, 
when those winds blow over water, receive more 
rain than the opposite slopes. These are all evident 
facts. In the interior of continents the conditions 
are not so easily recognized, but they eidst. Where 
there are great mountain chains, the winds coming 
from the sea, loaded with moisture, are chilled, and 
obliged to discharge their moisture before they reach 
the top of the mountain range. Thus the Andes 
completely cut off the rain supply from the Atlantic, 
and force the whole back to the Atlantic basin. 
This is caused by the prevalent winds which blow 
from the east over the Atlantic and Gulf of Mexico, 
or cross the comparatively low flat plains of South 
America, but which are chilled and deprived of 
their moisture by the lofby mountain wall running 
down £rom pole to pole. On t\iG other side of the 
Andes is a district in wlaicloL £ot tVia lao^X. ^we?^ wa 
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rain falls, and this is because the winds hardly ever 
blow from the Pacific towards the coast of America. 
Near the central part of the great mass of land in 
the Eastern hemisphere there is a vast tract in 
which also scarcely any rain falls. To the south of 
this rainless district of the Old World, round the 
whole of the intertropical part of the Indian Ocean, 
is a district of extreme rain, which includes the 
north of Australia and the large islands of the 
Indian Archipelago, as well as the east coast of 
Africa within the tropics. In many places in this 
district the average approaches 100 inches per 
annum, falling within a few months. In the corre- 
sponding latitudes in South America the fall is even 
heavier, much exceeding 100 inches. The coasts of 
Brazil and Dutch Guiana are the wettest. In Africa 
there is also an extreme rainfall on the shores of the 
Gulf of Guinea. 

The Southern hemisphere is sometimes regarded 
as the water reservoir, and the Northern hemisphere 
the condenser of the earth. It has been estimated 
that nearly fifty thousand billions of gallons of water 
(50,000,000,000,000,000) annually reach the earth 
from the clouds, and that of this quantity less than 
one-half runs back over the surface, conveyed by 
streams and rivers to the sea. Of the rest a large 
proportion is at once re-absorbed into the air, while 
the remainder enters the earth and is lost sight of 
for a time to reappear in springs. Evaporation is 
constantly taking place from all parts of the surface, 
but especially from the warm oceans, to supply this 
vast quantity of moving fluid. 

Snow is a form assumed by Bolid -^^^^t Va. *^^ 
higher parts of the atmoBphere V^y ^iX\e eorA^^^^^^"^ 



98 FiBsr LsssoNS in 

of vapour in a tolerably calm atmosphere. It iA 
beantifolly crystallized in six-sided stars, whicli offer 
so mucli resistance to the air that they are a long 
time falling, even in calm weather. During wind 
they often collect into small pellets, which are hard, 
and are drifted far by the wind. Snow is formed at 
great elevations, even in the warmest part of the 
earth, and there is a limit of height in all great 
mountain chains above which water only exists in 
the solid state. This is called the snow-line. It varies 
greatly on the two flanks of a mountain chain, and 
even on the same side in different years. In the 
Andes within the tropics it does not much exceed 
18,000 feet. In the Himalayas (north of the tro- 
pics) the snow-line is at 20,000 feet on the nortii 
side, and but 18,000 feet on the soutii. In the Alps 
it is between 8,000 and 9,000 feet ; in Norway less 
than 4,000 feet ; and on the shores of the Arctic Sea 
2,000 feet. In all these countries the water that 
falls above the snow-line falls in the solid state, and 
remains heaped. Bain never falls. Evaporation 
takes place from the snow, but except where it sinks 
down into sheltered valleys in large quantities, which 
accumulate more rapidly than the snow melts, there 
is little apparent change from year to year. 

The accumulation of snow in a valley at a depth 
below that of the snow-line becomes, under ordinary 
circumstances, a glacier. The lower snow is squeezed 
and hardened into grains by the weight above it, 
and is converted into a kind of ice. Each fresh fall 
of snow is changed in time in the same way, and 
forms a fresh layer of ice ; and in time the tongue 
of ice i<hns formed passes down to a great distance, 
is cmdted, broken^ and re-cemented, zxi \\. \awiel& 
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onwards, and receives on and amongst its mass vast 
quantities of sand, earth, gravel, and fragments of 
rock, that have bieen removed by the flection of 
weather from the country above. Provided there be 
a ravine or convenient gulley down which the snow 
can move gradually, and which enjoys tolerable 
shade from the sun and wind, the glacier will con- 
tinue to extend for many miles, and till the melting 
at the foot each summer balances the advance made 
during the year. Some glaciers are of very large 
dimensions. In Switzerland there is one more than 
sixteen miles long ; in the Himalaya Mountains there 
is one sixty-four miles long. Many great rivers take 
their rise at the foot of glaciers. In Europe, the 
Hhine and Hhone ; in Asia, the Indus and Qanges 
are thus circumstanced. 

Hail is another result of change in the aqueous 
vapour present in the atmosphere. Unlike snow, it 
generally forms and falls to the ground in hot 
weather, and sometimes in very warm climates. It 
rarely falls except during storms, and when there 
is great electric disturbance. Hailstones generally 
have a nucleus of snow, and are coated with ice 
frozen upon this nucleus as it descends through the 
air. Hailstones thus formed frequently come in 
contact in the air, and are frozen together, forming 
occasionally blocks of ice large enough to do serious 
mischief in falling. 

The weather is a term used to express the con- 
dition of the atmosphere at any special time in a 
certain place. It refers to the temperature, the 
moisture or dryness of the air, the pressure of the 
ail', the clearness of the . air, the state of the sky^ 
whether clear or cloudy, ttiQ T£iO^«ni^"Vi^ cffOcL^ 'sact^ 
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and may other conditions constantly altering. Fine 
weather means a clear sky, dry air, moderate tem- 
perature, and a high barometer. Bad weather the 
contrary. When fine weather prevails during a large 
part of a season, it is said to be a fine season ; while 
a place where the weather is more generally fijie 
than bad is said to enjoy a fine climate. Climate 
and weather, though complicated enough, and de- 
pendent on many conditions, are matters about 
which so much is thought, said, and written, that 
we all have certain ideas in reference to their mean- 
ing. Climate, however, depends so much on thd 
state of the air that we cannot conclude our account 
of the atmosphere without reference to it, while 
weather is but the climate as it exhibits itself at 
some special moment. 

Climate depends on (1) latitude, which determines 
the mode in which the sun's rays &I1, and the length 
of day and night at difierent seasons ; (2) position 
with reference to the sea and marine currents and 
elevation above the sea; (3) circumstances of adjacent 
land. These act in modifying the quantity of heat 
and light, in determining the clearness of the air, 
the amount and distribution of rain, the liability to 
winds and storms, the humidity of the air, and its 
electrical state. 

The quantity of heat received on any spot is 
expressed by the average height of the thermometer 
during the whole year. This varies for every 
station ; but it is not impossible to connect by lines 
drawn on a map the places that are alike in this 
respect. Such lines are called isothermals. The 
mean temperature of the earth is estimated at 
A>8i^° Fah. ; but the Northern hemisphere is calcu- 
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lated to be, on an average, 3^ degrees warmer than 
the Southern. This is explained by the excess of land 
in this hemisphere, and its extent near the equator. 

Besides the mean temperature of the year, the 
mean summer and winter temperature are often 
needed. These are obtained and expressed in the 
same way, but the lines are very different. They are 
called isotheral and isochimenal lines respectively. 

The range of temperature also varies very much. 
The mean daily range is the average difference 
between the highest and lowest points of the ther- 
mometer during the twenty-four hours. The mean 
monthly and annual range are calculated in the 
same manner. At Ghreenwich, the mean daily range 
is 16° Fah. It will be evident that places where 
the range is small must enjoy a more equable 
climate than those where it is ^eat. 

The length of day during summer is an important 
element of climate. In extreme north and south 
latitudes the sun remains above the horizon so long 
during summer, that the earth becomes greatly 
heated, and the heat is extreme. During winter the 
long absence of the sun produces extreme cold. In 
moderately high latitudes the summer heat and 
winter cold are greatest in the interior of continents, 
where the atmosphere is generally clear. 

The position of a station with reference to the 
sea includes several matters. Height above the sea 
is one, and on it much depends. The temperature 
of the air diminishes as we rise above the level of 
the ocean, not iiideed at any regular rate, but still 
with great certainty. In many places, where the 
ascent from the sea is rapid, the diS!e:c^\s$:^ \!9^ ^i^ 
the rate of V Fah. for ©vexy %^ ot ^^^ ^'5^'?^- ""^^^^^ 
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at considerable altitudes a very marked differeuoe 
of cliinate is observed between places on the coast, 
and those on a mountain side, or on an eleyated plain, 
in the same latitude. 

The nearness of the sea affects climate to a con- 
siderable extent. The sea is much slower in under- 
going change of temperature than the land, and the 
temperature of a great body of water is yeiy equable. 
Islands and the countries near the sea thus enjoy a 
more moderate and equable climate than the inte- 
rior of continents. This is .still more observable 
when marine currents bring warm water along a 
shore, as is the case with the Gulf Stream on the 
European coast. This alone makes a difference in 
climate equivalent to many degrees of temperature. 
Thus, the mean annual temperature of the north of 
Ireland, in Latitude 55° N. is about the same as that 
of New York, in Latitude 42°. But owing to the 
Gulf Stream, the climate of Ireland is far more 
equable than that of the American shore, as well as 
having the same annual temperature, although 13 
degrees nearer the equator. 

Mountains near a coast separating a station &om 
the sea, or mountains in the vicinity of an inland 
station, produce an enormous influence on climate. 
The plains near the Alps in the middle of Europe 
have a totally different climate &om the low lands 
beyond to the north, and south. In proportion as 
any place is near or ^ar from the sea or a large sheet 
of water, so will the climate be more or less equable. 
The vicinity of mountains or high plateaux deranges 
a climate and renders it extreme. The vicizdty of 
hrge tracts of water equalizes climate. 
Very maob of climate depends oii'gcesT8l<siiV»'^ra^^« 
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The prevalent winds of Europe, proceeding from the 
west and sonth-west, and passing over a large 
extent of sea warmed by marine cnrrents, the cli- 
mates of western Europe and England are very much 
warmer than those of corresponding latitudes on the 
opposite shores of America. This has been alluded 
to already, but is too important not to be repeated 
in this place. The west winds of America are land 
winds, while those of Europe come from the sea. 
The latter are, warm ^nd moist ; the former hot in 
summer and cold in winter, but generally dry. The 
same peculiarities are noticeable elsewhere. 

It will be seen that climate depends much more on 
other causes than on latitude, and that these other 
causes are by no means incapable of change. In the 
course of time such changes take place on the globe ; 
and thus climates may alter, and with them the ani- 
mals and vegetable^ that dwell on the earth, and that 
must adapt themselves to the existing state of the 
surface. It is qtiite possible for the Gulf Stream, by 
certain changes of level of part of North America, 
to change its course, and run through the valley of 
the Mississippi into the Arctic Ocean. It is possible 
for land to rise in the Atlantic and sink in Europe, 
so that' the island we inhabit might have an easterly 
instead of a westerly ocean. The result of such 
changes would be a climate totally different and 
much less temperate. The existing races of vege- 
tables and animals must be replaced by others, and 
men would cease to inhabit in large numbers such 
inhospitable shores. These possible results must be 
borne in mind in considering the influence of position 
on climate. 
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CHAPTER VII. 

EAJITHQUAKES AND VOLCANOES. 

The surface of the earth is not always in repose. 
Besides the changes that are known to take place 
constantly by the action of water and by lihe weather, 
removing and paring away the land in some places 
and depositing it in others, some large districts are 
subject occasionally to sudden convulsions, accom- 
panied by cracks in the surface, destroying houses, 
and even towns. Such disturbances are called earth- 
quakes. They are produced by explosions deep in 
the^ interior of the earth, taking place probably in 
large cavities. These explosions, which may be the 
result of water entering the cavities where the tem- 
perature is very high and the rocks exist in a molten 
state, produce undulations or waves of the earth's 
crust. When the explosive force is not sufficient to 
break asunder the solid rock above, the earthquake 
will be repeated from time to time; till a vent is 
formed. When a crack is made there occurs an erup- 
tion of steam, ashes, stones, and gases, which forms 
in time the conical mound,, increasing sometimes to 
a mountain many thousand feet high, called a voU 
cano; and after a volcano has erupted serious earth- 
quakes in its neighbourhood no longer occur. 

Such are earthquakes and volcanoes. They are 
among the grandest and most impressive of all the 
appearances of nature. Happening only occasionally, 
and in very limited districts, most of which are far 
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removed from civilization, they are events that only 
come within the experience of a few ; and they are 
the more terrible from their rarity and unfamilia- 
rity. 

All earthquakes, however, are not great or mis- 
chievous disturbances ; nor are all directly connected 
with volcanoes. There are small vibrations bearing 
the same name, and due to similar causes, affecting 
most parts of Europe, and even our own island, and 
probably almost the whole surface of the earth. 
These are tolerably frequent. There are accounts 
on record of more than a hundred earthquakes felt 
during the first half of the present century in 
various parts of the British islands ; this being equi- 
valent to one every six months. None of them have 
done damage or injured human life ; very few, in- 
deed, being sufficient to have attracted much atten- 
tion, except as curiosities. In other parts of Europe 
there have been similar movements. In the coun- 
tries near volcanoes, some of thesfe have been very 
serious. Elsewhere, with few exceptions, they have 
simply alarmed, without injuring. On the whole 
there are accounts of about 1,600 earthquakes in 
Europe in the first half of this century, being at the 
rate of thirty-two in each year, or one every eleven 
days. 

Great eai*thquakes are very destructive and terri- 
ble occurrences. They are common in certain parts 
of the West Indies and South America ; but there 
have also been examples of extreme disturbance in 
Sicily, near the volcanic mountain of Etna, in Italy ; 
others near Vesuvius, and others in Asia Minor. A 
very terrible earthquake occurred more than a cen- 
tury ago (in 1765) near Liaboii, \NV'ea. VJsia Vs^t^.^'^*- 
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nearly destroyed, and 60,000 persons perished ; but 
this was probably connected with some submarine 
eruption in the bed of the Atlantic. The circum- 
stances attending such disturbances are in the highest 
degree appalling. Not long ago an earthquake oc- 
curred in the plains on the eastern side of the Andes, 
in South America, by which the whole city of Men- 
doza was destroyed, and almost all the population 
perished. 

These convulsions of the earth are often preceded 
or accompanied by rolling sounds, explosions, and 
other noises ; by a peculiar state of the air ; and by 
disturbances in its electric condition. Noises not 
unlike thunder have been heard at the same time in 
places some himdred miles asunder. The earth is 
lifted up, sinks down, and even twists round, pro- 
ducing results so extraordinary that they seem 
impossible. There are three kinds of motion felt, 
the most simple being a mere undulation ; the next, 
a sudden explosion or sharp heave, without undu- 
lation; the third is mixed, and involves motion 
onwards as well as upheaval. It is this flatter, 
the rarest of the three, that produces the peculiar 
twisting motion alluded to. 

Earthquakes vary greatly in the extent of surface 
acted upon. Some are limited to a few acres, others 
affect nearly half the land on the globe. Those 
occurring in England are of the former, that of Lis- 
bon of the latter kind. They also vary very much 
in the time of their duration, some of the worst 
having been almost instantaneous, while some of 
those of small importance have continued for hours, 
and even days, to communicate a slight tremble. 
The city of Conception, in Chili, was destroyed, in 
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1835, by a single overwlielming shock, preceded by a 
few tremulous movements. In less than six seconds 
the city was in ruins. The Lisbon earthquake was 
also a very rapid event. In 1867-58 there was a 
series of earthquakes in southern Italy, which affected 
the whole of the main land for a distance of 300 
miles in a direct line, the whole area disturbed ex- 
ceeding 3,000 square miles. A large number of 
towns and upwards of 20,000 human beings were 
destroyed, the greater part of the destruction being 
effected in a few seconds. 

There are certain bands of earthquake disturbance 
on the earth. In some the shocks are comparatively 
weak, in others they are very strong. A moderately 
weak band extends from Iceland, including Ferro, 
Shetland, and the south-west coast of Norway to 
Ghristiania, perhaps reaching Greenland. A narrow 
but intense band stretches through Sicily and Italy 
into southern France and the north-east coast of 
Spain, and so northwards towards England by the 
Rhine. The most intense and remarkable of all is 
that of the chain of islands in the Indian Archipelago. 
Another band affects Western Australia; others of 
great intensity are recognized in South America. On 
the whole, these bands follow the direction of the 
lines of elevation which separate the great basins by 
which the ocean is broken up ; they are very vari- 
able in length, breadth, and direction ; they probably 
extend beneath the ocean ; and earthquakes occasion- 
ally originate, and frequently extend, beyond their 
margins. 

It haa been suggested^ as a conclusion obtained 
from observations, that the number of earthqiiakea 
occuirm^ near new au4 Ml TaoQix '^ ^^^^^Kt *^8«si. 
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the number occnrriiig near the quarters, and that 
many more earthquakes occur during winter and 
autumn than during spring and summer. It has 
also been noticed for some centuries past that the 
number of severe earthquake shocks has been con- 
fined to two periods of the century, one a little after 
the middle and the other towards the end. 

Earthquakes are, in many countries, almost cer- 
tain signs of approaching volcanic eruption. The 
pent-up gases and steam explode and rend asunder 
the covering of rock, and open a passage from the 
interior of the earth to the surface. Whatever may 
be the general condition of the interior of the earth, 
it is certain that the temperature increases as we 
descend, and that, at least where volcanoes erupt, 
there is a quantity of matter in a melted state. 

A volcano is a hill or mountain of a sugar-loaf 
shape, formed or forming by the thrusting out from 
a crack in the earth of large quantities of rock, 
partly in a liquid state, like melted glass, partly in 
the state of fine powder, formed by the bursting of 
innumerable bubbles of gas and steam formed within 
the boiling rock, and partly of solid stones and frag- 
ments of cooled lava thrown up during the eruption. 
Some volcanoes are very small and mere hills, others 
among the loftiest mountains in great mountain 
chains, but the conditions are the same. At the top of 
the hill or mountain there is generally a cup- shaped 
depression, called the crater, through which jets of 
steam rise, and from which an eruption has taken 
place. Not unfrequently melted rock forces its way 
out, in a thick sluggish stream, through a crack made 
in the side of the hill. With the ashes and stones 
Mid£mdrockf which is called lava, tlodxe t\bq TXi^a-^ 
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gases, of which carbonic acid, nitrogen, and hydro- 
gen are the principal. These are accompanied by 
chlorine and sulphur in considerable quantities. 
Vapour of water is always abundant. 

The magnitude of volcanic eruptions is sometimes 
very great. The largest active crater known is in 
the island of Hawaii, or Owyhee. The volcanoes 
on that island are three, but all belong to the same 
mass of ashes, scori®, and lava, which extends 
100 miles in one direction and 80 miles in another. 
The principal cones are nearly 14,000 feet high. 
The principal crater measures more than two miles 
across, and the depression that forms the crater, 
though constantly changing in depth, approaches 
1,000 feet. Within this crater or cup is a lake of 
boiling lava, 500 yards across, which is the throat or 
gullet communicating with the interior. Sometimes 
the lava rises and fills the crater to a depth of some 
hundred feet, but more frequently the melted rock 
breaks out at the side. A few years ago it began to 
flow ten miles below the top, and the stream ran sixty 
miles, with an average breadth of three miles, and a 
thickness of from 300 to 600 feet. The eruptions 
from the Hawaiian group of volcanoes are remarkable 
for being accompanied by steam and ashes. The 
great eruptions of other volcanoes have been always 
described as abounding in both these products. 

In an ordinary volcanic eruption the dense volumes 
of steam, that almost always burst forth at the com- 
mencement, carry up vast quantities of fine light ash, 
which rise to a great height, far above the lower cur- 
rents of air and into the clouds, very many thousand 
feet above the sea. Drifted by the currents at diffe- 
rent elevations, the ashes are cavrledm ^-^^x^ ^cct^bsivjiss^ 
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to vast distances. It is recorded tliat in the eruption 
of Ooseguina, in the Andes, in 1836, the air was so 
darkened by the thick clouds of ashes, even at places 
fifty miles from the volcano, that people could not 
recognize each other, and the fowls went to roost. 
This lasted for forty-eight hours. The dust was 
carried in the direction of the wind at the surface 
about 700 miles in four days. In the opposite direc- 
tion the upper currents conveyed the ashes 1,200 
miles, and at this distance a ship sailed forty miles 
through the floating ash. All this material consists 
of the powder derived from the bubbles or froth of 
the boiling rock, through which the steam rushes 
during an eruption. With the dust large quantities 
of scoriaB, or light frothy scum of the lava, and even 
fragments of rock, are thrown up. Some of the 
latter are] of several tons weight, and are thrown 
many miles from the crater. Similar fragments, 
though of much smaller size, can be seen at the foot 
of the crater of Vesuvius, and other active volcanoes. 

Torrents of melted rock, or lava, generally, burst 
out, either from the crater or from the side of the 
mountain, very soon after the commencement of an 
eruption. The lava is thrown out in jets, which 
rapidly cool at the surface, but remain melted at a 
small depth. The result is a pasty current of many 
miles in length, advancing slowly towards the lower 
ground or the sea. In a single short eruption 
100,000,000,000 of tons of lava have been thrown 
out in a few weeks. 

After the lava has been poured out, the character 

of the eruption changes a little. The proportion of 

carbonic acid gas increases, replacing the hydrogen 

and nitrogen, which are among tli© £i»t products. 
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The quantity of vapour diminislies. Snlphnr and a 
ricli variety of salts are deposited, and various other 
salts, more or less soluble, and often richly coloured, 
including alum, are formed at the surface. These 
are often washed away by rain, but are almost im- 
mediately re-crystallized. They give a most brilliant 
and picturesque appearance to the walls of the 
crater and the numerous fissures in the lava. 

When volcanic action is decaying, there still re- 
main many very striking phenomena. Among them 
fumeroles of hot air, with steam and sulphur fames, 
are very common. Carbonic acid gas is largely 
thrown out from, these crevices. 

Springs of boiling water are also occasionally seen, 
and they are generally, but not always, directly con- 
nected with volcanoes. Those of Iceland, called the 
geysers, are the best known. They are twenty-three 
miles fix)m the great volcano of Hecla. The water 
rises at irregular intervals through a smooth pipe of 
flint, formed by deposits from the water, and into a 
basin also of flint, formed in the same way. A large 
column of water is thrown upwards of ninety feet 
into the air, and falls back into the basin. 

Jets of mud, either hot or cold, also occasionally 
appear near volcanoes. They are called mud volca- 
noes, and are met with in places where formerly^ 
there may have been craters, but where now little 
else remains to mark this condition. The mud issues 
with petroleum floating on it, and the water is ofben 
salt and sulphurous. The mud forms small conical 
hills, which sometimes extend over a considerable 
area. 

Volcanoes are (Comparatively rare^ and o€ ^^jiJsc^^ 
volcanic cones there does not wg^^^s Vi ^^as^^Ns^^s^^^*^ 
any time a very large nuHibOT «»\» oti^^ Q^*Oaa ^^accs^ 
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Four hundred would appear to exceed the total 
number of principal active cones at present recog- 
nized over the whole surface. Some of these no 
doubt include an area over which there may from 
time to time be many diflPerent points of eruption, 
for eruptions rarely succeed each other from the 
same vent; but when the mode of distribution of 
these four hundred is considered, it will be found 
that there are very large tracts of the earth in which 
there is no such communication from the interior to 
the exterior as is indicated by a volcano. 

With comparatively few exceptions, the volcanoes 
are found on the rims or borders of the various 
basins which enclose the great oceans. If we con- 
sider them as partly in lines and partly in circular 
groups, we shall find that all the circular groups are 
in the ocean, and far from continents, while the lines 
are ranged round the edges of the oceanic basins. 
The most active is that of the islands of the Indian 
Archipelago, between the Indian Ocean and the 
China Sea. Next in importance is the Mexican 
group, between the two Americas, extending south- 
wards into the high Andes along the west coast of 
South America, and northwards to the Rocky Moun- 
tains. The Mediterranean band, including not only 
Etna and Vesuvius, but the volcano of Santorin, 
reaching Asia Minor and the Red Sea on the one 
side, and the Azores and Canary Islands on the 
other, is exceedingly well marked. In the interior of 
Asia, extending to China, is a volcanic district, little 
known, but very remarkable. Eastern Africa con- 
tains some volcanoes of importance. In the North 
Atlantic is a group near the Arctic circle, of which 
Mecla in Iceland is the centre. In the Antarctic 
circle there are at least three active -voVctbTioc^ ol 
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considerable magnitude. New Zealand contains an 
active volcano. 

The best known among the active volcanoes are as 
follow:— 1> those of Sonth Italy and Sicily (in- 
cluding Etna, Yesnvius, and Stromboli) ; 2, those 
of the Greek Islands, of which Santorin has been 
very recently in an active state ; 3, Hecla, in Ice- 
land; 4, the Central American group; 5, the 
South American group, including Gotopaxi and 
Chimborazo, under the equator, and those of the 
Peruvian and Ghilian Andes, further south ; 6, the 
Java group ; 7, the groups in the PsDcific Ocean, of 
which Hawaii, in the Sandwich Islands, is by far the 
most important. 

They are not mentioned in order of chief energy 
and magnitude, as the Asiatic and American groups 
are the most intense in their action, but rather as 
they are known from description and easily reached 
and visited from England. Many of the great vol- 
canoes are almost inaccessible. The following short 
notice of the history of some of the European volca- 
noes will be useful. We begin with the South 
Italian, as the most fia.miliar. They include a large 
district. 

The whole of Italy, from the valley of the Po 
southwards, shows marks of comparatively recent 
volcanic disturbance. Near Parma and Modena there 
are mud volcanoes. Near Rome are cones and craters 
that have been in eruption at no distant period. 
Near Naples is Mount Vesuvius, stiU active, and 
close by it is a multitude of cones and craters, some 
of which have erupted within the last thousand 
years, and others not long before. Between Naples 
and Sicily are the Lipm leleacida^ «caw\.^ ^wis^^^s^K^ 
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StromboK, constantly bnming ; arid in Sicily is Mount 
Etna, a noblo conical mountain, entirely volcanic, 
and nearly 12,000 feet high, where the material 
erupted covers at least 600 square miles. Between 
Sicily and Afirica is a shoal, where a few years ago 
an island rose out of the ocean. Thus the great 
belt of volcanic energy, of which Etna, Vesuvius, 
and Stromboli are the active vents, is at least 700 
miles in length. Some parts of it have been in 
eruption for a very long time, and it is almost cer- 
tain that all great volcanic bands maybe considered, 
permanent so far as the human race is concemedw 
Etna has been an active volcano ever since human 
records have existed, the first disturbance of which 
we hear being nearly 2,500 years ago. With in- 
tervals of repose — sometimes of one or two, some- 
times of eight centuries — there has been a succession 
of eruptions, accompanied by earthquakes, many 
of them of the grandest and most destructive 
nature. Vast floods of lava have firequently issued, 
sometimes running more than twenty miles, and a 
mile or two in width. Even so lately as in 1865 
the great crater and a portion of the side of the 
mountain was split asunder, and a number of new 
cones and craters were formed. On this occasion 
lava on a large scale was poured out, and all the 
phenomena of a great eruption are still traceable. 
There are small eruptions and jets of steam and gas 
firom the principal crater very long after the termi- 
nation of the great disturbance. On the side of 
Etna there are upwards of a hundred cones and 
craters, some of them several hundred feet high. 

Stromboli is one of a group of voloanio islands in 
Utegea between. Sidlj and Faples. It is more than 



PHYSICAL GEOGRAPHY. 115 

2,000 feet high, and rises directly from the sea, being 
entirely composed of lava and volcanic ash. It is 
always smoking, the smoke consisting of steam and 
some gases. No important eruptions are recorded. 

Vesuvius, although a long distance from Etna, 
appears to be connected with it underground, as the 
two volcanoes are never active together. It is an 
isolated hill, rising about 4,000 feet above the sea ; 
but the volcanic district, of which it is the present 
vent, extends about 40 miles, to Ischia, with a breadth 
of 20 miles. The whole of the hill and the country 
adjacent seems to consist of erupted matter. 

The first eruption recorded of Vesuvius took place 
about 1,800 years ago. With intervals of one, two, 
or three centuries of repose, and sometimes less, it 
has since been active, and during this century there 
have been several eruptions of considerable though 
not extreme magnitude. The only vents at present 
are on or very near the principal cone and crater ; 
but two hundred years ago eruptions took place from 
cones many miles to the west. The last considerable 
eruption previous to one still going on was in 1861, 
when eleven small new cones were formed, and a long 
fissure produced in the ground. The eruption of 
1867-8 has been important, though less so than many 
recorded. The addition to the mass of the mountain 
by these later eruptions has not been large. Great 
care has been taken in the examination of the pheno- 
mena, and the quantity of matter erupted on each 
occasion has been estimated. 

The singular group of islands in the Greek Archi- 
pelago, of which Santorin is the largest, is a circular 
chain of islands, consisting of an extinct c^^^^ 
whose rim projects from tti© e©Bu\ «2cA \».^^ ^^ciosR^ 
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are two or three small islands, which are the result 
of successive eruptions in the interior of this vast 
crater. One such eruption took place about a cen- 
tury ago, and formed an island. This island has 
been more than doubled during an eruption that 
commenced at the beginning of 1866, and has not, 
after two years, ceased to pour out melted rock, which 
rises from a great depth below the level of the sea. 

Hecla is one of the chief of the European volca- 
noes. It is about 6,000 feet above the sea, and rises 
in the south of Iceland. It has erupted on an average 
about eight times in a century during the last thou- 
sand years. The volcanic district is a region of about 
3,000 square miles, so wild that it has been hardly 
possible to penetrate it. Besides Hecla there are 
many other considerable volcanoes, and the whole 
island is more or less volcanic. There are single 
streams of lava 50 miles long and 15 miles broad. 

The South American volcanoes are remarkable for 
the extreme magnitude of the eruptions, corresponding 
to the great height above the sea at which they take 
place. There are two principal groups, one of twelve, 
the other of seventeen active volcanoes, and some of 
the cones are more than 20,000 feet above the sea. 
There is another group, large in number of cones, 
but less elevated, the average being 13,000 feet. From 
some of the loftier craters a jet of steam and gas is 
thrown up 3,000 feet above the edge of the crater, 
and from them sounds issue and ashes have been 
ejected that have been recognized by the mariner, and 
have rendered the air obscure, at distances of more 
than a thousand miles. 

The great volcanoes of the Indian Archipelago are 
scarcely less remarkable than those of South America. 
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They also send out vast showers of ashes ; they are 
accompanied by fearfal earthquakes, and floods of 
lava issue from them. 

The existing and active volcanoes of the earth are 
accompanied by cones and craters now entirely at 
rest. Some of these may be of great antiquity, but 
if they are near a present seat of action we cannot 
regard them as extinct. There are, however, in other 
parts of the earth, at a great distance from volcanic 
bands, very clear proofs that there were once out- 
bursts of steam, gas, ashes, and stones, with floods of 
melted rock of precisely similar character. In France 
and Germany are extinct volcanic districts that ex- 
hibit all the ordinary phenomena. Other countries 
also contain them. Thus we may safely conclude 
that at various times in the earth's history there has 
been this kind of communication between the interior 
and the surface of the earth, and that these communi- 
cations are limited to certain districts which are not 
of great extent, and which are shifted very slowly. 

It is Important to observe that while the vicinity of 
the sea, or at least of water,-seems essential, the neigh- 
bourhood of a lofty mountain chain is by no means 
important to the existence of an active volcano. 

Volcanoes seem to have relation to lines of eleva- 
tion, and are doubtless indications of the points where 
elevatory force acting from below is likely to show 
itself. They are also connected with certain parts of 
the earth's service where the strata have been dis- 
turbed, and other large districts where there are slow 
movements of upheaval and depression. But there 
are no lines of volcanic action that can be distinctly 
traced to have relation to the great lines of upheaval 
easily seen and recognized oil a hlk^ ^t ^^ ^^'^^ 
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CHAPTER Vni. 

DISTRIBUTION OF PLANTS AND ANIMALS. 

OvB earth is so contrived, its surface so consists of 
an alternation of land and sea, tlie whole surface is 
so covered with a veil of air, and the conditions of 
temperature are such, that there is a place^ in almost 
every part of land, water, and air for some form of 
life. Whatever the nature of life may be, of this 
fact there is no doubt. Vegetation thrusts itself 
everywhere, and animal life is always at hand. The 
barren and massive granite soon serves as a con- 
venient place on which a lichen can grow. The pool 
of dirty water is almost immediately crowded with 
animalcules. The very atmosphere is alive with 
insects and biids. It is a law of nature that 
nothing should be lost, and, however it is caused^ 
there is no doubt that life is present everywhere, 
adapting itself to the existing conditions. 

Vegetation in its simplest form would seem to 
be produced by a very small but peculiar chemical 
change acting on inorganic matter. The structure 
becoming more complex, we find plants more and 
more limited in their range and distribution ; but in 
every case life belongs to matter, it is constantly 
undergoing change, and it is always present. The 
simplest forms are those which are most widely 
spread. 

A little consideration will show that life is in 
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a certain sense capiicions. Certain conditions are 
favonrable for some kinds of deyelopmenti while 
other conditions are preferred for other kinds 
Climate is strongly marked by vegetation, and alto- 
gether influences it. But although similarity of 
climate produces similar vegetation at all times, it 
does not repeat the same species, either at different 
times or in different places. Thus, in distant parts 
of the world, where the climate is so nearly identical 
that the same plants will flourish, and similar proflt- 
able crops can be obtained from the same seed, the 
natural Growth is different. Each country has its 
own gro5 ; and this natural group, wMchis caUed, 
in natural history, its jlora^ appears to be the result 
pf the changes produced by climate, these being the 
natural influences affecting plants. 

The distribution of plants may be considered 
either with reference to places nearly at the same 
level, but differing in latitude, or to those in the 
same latitude but at different heights above the sea. 
Thus, within the tropics, on the shore of the Gulf of 
Mexico, there is a certain natural vegetation. Ad- 
vancing northwards, along the shores of Korth 
America, from the torrid to the Mgid zone, there is 
a constant succession of new plants and trees, the 
old ones disappearing. From palms we come to 
forest trees, and &om them to pines. At length 
trees disappear. In the same way, in ascending the 
Andes from the coast, a similar change would be 
observable. As we ascend we lose the tropical 
character ; passing through the sub-tropical to the 
temperate, and thence to the Mgid, in something of 
the same manner. 

In a very general way th© i!o\W«\xi^^^ ^sss^^'^^ 
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the characteristic vegetation of different zones or 
belts of country differently situated: — 

1. Near the equator (within 15° to 20°) palms and 
bananas are the most abundant trees, from the sea- 
level to a height of 2,000 feet. The food-plants are 
banana, nuts and shoots of the palm tree, bread- 
fruit tree, pine-apple, tamarind, sugar-cane, yams, 
cocoa, and spices. 

2. Beyond this, for another ten degrees in the 
Northern, but much farther in the Southern hemi- 
sphere, tree ferns abound, and species of fig are very 
numerous. These range from 2,000 to 4,000 feet in 
height at the equator. Maize and the sweet potato 
are added to the food-plants, some of the tropical 
kinds becoming rare or disappearing. Coffee is 
common. 

3. Myrtles and laurels, rice, cotton, and tobacco, 
characterize the next or sub-tropical regions. They 
extend from 4,000 to 6,000 feet above the sea at the 
equator, and are accompanied by a rich variety of 
fruits and some palms. They extend into some of 
the southern States of North America, and touch the 
shores of the Mediterranean in Europe and Asia 
Minor. In Asia they extend from the mountain 
chain to the tropics, and on the east coast into China 
and Japan. In South America, east of the Andes, 
they are met with as far as Brazil. Wheat is culti- 
vated as well as maize among com foods. Orange 
and lemon trees are common. 

4. Evergreen trees belong to the warm temperate 
zone. These range generally as far as 40** in the 
Northern and 36° in the Southern hemisphere. The 
vegetation is totally different in the two hemispheres, 

but the prodnctB of each may, by careM manage- 
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ment, be cultivated in the other. The height above 
the sea-level at the equator corresponding to this 
form of vegetation is from 6,000 to 8,000 feet. The 
food-plants in this region are wheat, barley, potato, 
millet, chestnut, the vine, and many common fruits. 
Tie heaths are here common plants in the warm 
temperate zone in both hemispheres. 

6. Deciduous trees — those whose leaves fall during 
autumn, leaving the tree bare in winter. These be- 
long chiefly to the colder temperate zone, and corre- 
spond to a height of from 8,000 to 10,000 feet at the 
equator. Of this zone the oak, the beech, the ash, the 
elm, the horse-chestnut, the walnut, the lime, and 
many pines are the natural inhabitants. Wheat, 
barley, oats, and potatoes, and the plum, apple, pear, 
cherry, and other hardy English food-plants are cul- 
tivated in the Northern hemisphere. In the Southern 
there are none of these, and no fruits corresponding to 
them, but most of them may be grown if introduced. 

6. The region of pines, or the sub-Arctic zone, 
corresponding to a height of from 10,000 to 12,000 
feet at the equator, comes next. Here the cultivation 
of wheat ceases, and is replaced by oats and rye. 
The willow, alder, birch, juniper, larch, and Scotch 
fir are the common trees ; the strawberry, raspberry, 
cranberry, bilberry, &c., are the products of stunted 
bushes. These all belong to the Northern hemisphere. 
In the Southern there are little more than mosses and 
corresponding species of birch and beech, but in the 
latitudes we are now describing there is little land, 
except Patagonia and Tierra del Fuego, a great part 
of which is lofty. 

7. The rhododendron region belongs rather to 
high elevations or mountains) e%^c?ssi2&:^ >(k^^^^!a&s^- 
lajm chain and the Alps, aiA \a ^ws^l ^«^-t5y%»s!isJ^ 
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in the Arctic zone, and hardly at all in the Antaa^ctio. 
Stnnted pines and birch are sometimes seen. At the 
equator this region occurs &om 12,000 to 14,000 feet 
above the sea. 

8. The extreme region is that of lichens and mosses* 
These are Alpine plants, which thrust themselves in 
wherever life is possible, and sometimes prepare the 
way for a higher class of vegetation. The lichens 
and mosses are met with at extreme elevations and 
in extreme latitudes. Some are edible, serving as 
food to the few large quadrupeds and human tribes 
that inhabit such desolate regions. They extend, 
according to circumstances, to an elevation of nearly 
16,000 feet, perhaps nearly 20,000 feet in some places, 
and towards the poles they reach beyond the point 
where snow always covers the land, being met with 
as a growth on the surface of the snow itself. 

The limits here given are not absolute, and are 
liable to be overpassed in many ways by accident or 
human interference ; but they serve as a usefal guide 
to the general extension of those plants and trees 
that are most familiar. They especially fail in the 
Southern hemisphere, where, the land being of small 
extent and detached, the various conditions of growth 
are different. The palms and tree ferns extend much 
farther southwards than they do northwards, and the 
gum trees and acacias, the aloe tribe, and many others, 
flourish in latitudes where the natural growth in the 
Northern hemisphere is so different as to offer a strik- 
ing contrast. In all these cases it is easy to trace the 
cause of difference in the climate and conditions of 
existence. 

In similar positions with regard to latitude, in cor- 
responding positioBB of climate, and in places other- 
wise similajrijr aircmustanced in tihe t?ro Vemas'^T^^ 



PHTSICAL GEOGBAPHY. 123 

the tendency to similarity of resnlt maybe discovered 
by a marked resemblance in the vegetation. Corre- 
sponding plants, or those which occupy a similar posi- 
tion in different countries, are called representative. 
This is the case whether the representation is on a 
small or large scale, and whether it is shown in form 
or internal structure. The strange succulent plants 
called cactus, among the most curious and grotesque 
that grow, are very abundant in a peculiar climate in 
South America. A whole tribe,1 called by botanists 
the EuphorHcB, replace and represent them in similar 
latitudes in South Africa. There is a peculiar kind 
of gigantic pine, with prickly leaves, growing in Bra- 
zil, called the Araucaria, or 'sometimes the monkey- 
puzzle, from the difficulty the monkeys find to climb 
it. A very similar tree, but different in species, 
represents it in Norfolk Island, a detached island far 
away in the Pacific, near the eastern shores of Aus- 
tralia. A hundred such illustrations might easily be 
found. But representative species do not always 
prevent the plants belonging to one country from 
driving out those of the other when iutroduced. 
Thus the palm tree, that yields the cocoanut, is a 
native of the West Indies. It was long ago imported 
into India, and in Ceylon it has driven out many 
native species, and millions of cocoanuts are now 
exported annually from that island alone. The po- 
tato, imported from America a few centuries ago, 
is now one of the most common and useftil of the 
food-plants of Europe. Wheat, on the other hand, 
introduced from Europe into North America, is now 
grown there to so great an extent as to supply 
very largely the European demand. There would 
seem to be hardly any limit to tloia -^orwec qS. 0Q2l2s>^^^ 
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and to the adaptability of plants to new stations, 
althongh in a natural state they seem absolutely 
fixed, and the number of cases of migration which 
cannot be traced to human influence is few and 
unimportant. 

Owing to the wide spread of the human family 
over the earth, and the tendency of man to carry 
with him and endeavour to cultivate the plants to 
which he is accustomed, owing also to the occasional 
conveyance of seeds, as of weeds and other common 
plants, by accidents, there is found to be a great 
mixture of plants in every country. This is greatly 
increased, because in many countries there has been 
a sensible change of climate within a comparatively 
short period, and in some cases a change of level, 
while there is evidence of some spots that are now 
islands having been formerly parts of continents. 
Thus the actual vegetation, especially in cultivated 
and long-settled countries, is exceedingly complicated, 
and diflfers greatly from that which belongs to the 
district by latitude, climate, and position. There 
are some few plants that seem to range naturally 
almost everywhere ; but this is altogether the excep- 
tion to an important general rule. 

There is a distribution of marine vegetation of 
something of the same general nature as the vege- 
tation on land. Eight marine provinces have been 
described by Dr. Hooker, and diflferences in depth 
correspond in some measure to differences in latitude 
and position. The provinces are : (1) Northern 
Ocean, with sea-weeds of very simple structure, 
living at almost all depths ; (2) North Atlantic, 
characterized by the fucv^ ; (3) Mediterranean ; (4) 
topical Atlantic, with the Gulf -weed*, (^) Antarctic, 
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with forests of tangled weed; (6) Australian; (7) 
Indian Ocean and E;ed Sea; (8) Japan and China 
seas. It will be seen that most of these are enclosed, 
or partly enclosed, seas, as the weed grows chiefly 
not far from shores. Many of the species are repre- 
sentative. 

Animals are not less clearly arranged and distri- 
buted in natural groups confined to distinct regions 
than plants ; but they have for the most part greater 
powers of migration, and certain tribes, particularly 
well provided in this way, are enabled to visit all 
heights, and range to almost all distances. Large 
classes of animals, however, are very little able to 
quit the region in which they are bom, and if cir- 
cumstances cease to be favourable to their existence, 
they cannot transport themselves to more convenient 
stations. 

There is a very well-marked distinction between 
animals inhabiting water and those who dwell on 
land, and of these latter there are some who make 
the air their chief place of abode. Thus animals 
are divisible into three groups ; but it is necessary 
that the student of Physical geography should under- 
stand the general outline of scientific classification 
with regard to animals to know the full value of 
the groups existing in different districts. These are 
based on essential peculiarities of structure, and are 
as follows : — 

All animals are either vertebrate or invertebrate ; 
that is, they either possess or do not possess a back- 
bone. Of those that do (vertehraia) there are four 
well-marked groups — mammals^ (which give suck to 
their young), birds, reptiles, and fishes. The first class 
includes the ordinary quadrupeds «aA. ^ ^^^ ^rfsjisiG^ 
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animals, as the whales. Man is at the head of this 
class ; and monkeys, which are four-handed (quadru- 
mana), come next. The carnivores, or flesh-eating 
mammals (lion, tiger, &c.) ; the ruminants (ox, sheep, 
camel, deer, <fec.) ; and the pach/derms^ or thick- 
skinned tribes (elephant, horse, pig), come next. 
The rodents, or gnawing mammals (beaver, hare, 
rat, &c.) ; the edentates, or toothless mammals (ant- 
eater, armadillo, sloth) ; the cheiroptera, or flying 
mammals (bats) ; the marsupials, or pouched mam- 
mals (kangaroo) ; and the cetacece, or whales, complete 
the list. Of birds there are six gronps — birds of 
prey, climbers, warblers, poultry, and swimmers. Of 
reptiles there are frogs, serpents, lizards, and tor- 
toises. The subdivisions of fishes are less important. 
Of the invertebrates there are molluscs, or soft 
animals (snails, oysters, &c.) ; articulata (insects 
and worms) ; Crustacea (crabs and lobsters) ; 
and radiata (star-fish, &c.). These are the chief 
divisions. 

The group of animals inhabiting a district is called 
its fauna, and is generally composed of a consider- 
able mixture, including some or most of the principal 
divisions. There are, however, many exceptions, 
some islands having had no quadruped when first 
discovered, others are without reptiles. Few dis- 
tricts are without birds, and perhaps none without 
representatives of most of the invertebrata. The 
vertebrates are called the higher, and the inverte- 
brates the lower, as having more or less complicated 
organization. Of course many strictly aquatic faunas 
are without some of the natural groups; though 
even this is not always the case, except with re- 
S»rd to birds, as there are marme qaajdsxu^eda or 
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mammals (whales, seals, &c.), and marine reptiles 
(turtles). 

As with plants so witli animals — the natural fanna 
of a place is not always capable of holding its own 
against emigrants; and thns where man has had an 
opportunity of interfering, the present condition is a 
sort of compromise, and often a transitional state, in 
which the native tribes are dying out and strangers 
taking their places. Care must be taken to discover 
whether the apparent is the real fauna. 

There is a great difference observable between the 
&unas of stations very similarly situated in regard 
to latitude and climate in the Eastern and Western 
hemispheres. There is an equal difference seen in 
comparing places in the north and south temperate 
zones. Even in islands removed a very moderate 
distance from a continent or from each other, there 
is sometimes an entirely distinct fauna. Let us trace 
in what this difference consists. 

The larger camivora are chiefly confined to the 
Old World, and indeed to the eastern part of it. The 
lion, tiger, leopard, panther, and hysena are repre- 
sented in America only by the puma, the jaguar, and 
others of much smaller size. But there is a marked 
difference of species even between the larger quad- 
rupeds of tropical Asia and Africa, and this difference 
is also seen in most of the other tribes. Thus of the 
pachyderms, Asia and Africa both have the elephant 
and rhinoceros, but the Indian and African kinds are 
totally different ; Africa has the hippopotamus also. 
Asia yields the true horse, the ass, and several 
marked species of the same genus. Africa has the 
zebra and some others, also quite distinct. Even the 
pig tribe are limited to certa^ ^«tecvc^a^^^^^^ ^^^ 
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wild boar has a wide range. In America there is 
hardly one native species resembling any of these. 
The tapir represents the elephant, bnt is mnch 
smaller. The peccary represents the hog. The 
horse and ass have been introdnced, and have over- 
ran the great plains of Sonth America, displacing 
other animals. Of mminants there are also distinct 
groups. The camel is represented by the llama. The 
goat, the sheep, the ox, and other domestic animals 
have been introduced and flourish, but there was 
nothing resembling them when America was first dis- 
covered. The great multitude of antelopes and deer 
(of which there are whol^ groups of species common 
in eastern Asia, and others in Africa altogether dis- 
tinct) are quite unrepresented in the warmer parts 
of America ; and it is only in the far north, where the 
lands of America and Asia almost touch, that we 
find the elk and reindeer extending from one conti- 
nent to the other. The giraffe is African only. Of 
the monkeys there are two very well-marked groups, 
distinguished by the use of the tail. The American 
kinds all make use of the tail as a fifth hand ; the 
Asiatic and African kinds do not, but they differ 
considerably among themselves. The gorilla, chim- 
panzee, and baboons are as different from the Asiatic 
monkeys as are the spider monkeys, weepers, and how- 
lers of the Brazilian forests. The rodents and cheirop- 
tera are equally marked. Of the edentates there is 
barely a representative species out of America. The 
marsupials are very imperfectly represented either in 
Asia, Africa, or America, and are not found in Eu- 
rope. Australia contained scarcely any indigenous 
qnadrapeda when discovered, except those belonging 
^ the mar/siapial tribe. It "had not %. %\xv!gle ruminat* 
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ing animal. It was the country of pouclied animals, 
as South America was the country of the edentates ; 
but almost all the yarious classes of quadrupeds were 
in a certain sense represented among the pouched 
animals, so that it rather represented an entire king- 
dom than the province. 

It is not only in regard to quadrupeds that the 
world is divided into several distinct natural history 
provinces, having little, if any, community of species. 
Even in birds, something of the same kind may be 
observed. The humming-birds are essentially Ameri- 
can, not confined to any part, but not ranging into 
any other country. The ostrich is African, extend- 
ing into Arabia. The whole tribe of birds of bril- 
liant plumage are tropical and Asiatic. Singing 
birds are almost confined to Europe and the Mediter- 
ranean shores of A&ica. Keptiles exhibit the same 
general peculiarity. The crocodiles of Asia and 
America are altogether distinct. The boa-constrictor 
of South America corresponds to, but is very diflfe- 
rent from, the pythons of Africa. Even the frogs and 
lizards of the two hemispheres are quite distinct ; so 
are the turtles and tortoises. The fishes of the 
northern seas and those of warm latitudes are not at 
all the same, many species being limited to a small 
extent of ocean, others ranging widely, but con- 
stantly returning to the same waters to breed. The 
fresh- water fish are strictly limited in position ; but 
these, like other animals, are capable of being 
transported to distant climates, where, if the circum- 
stances are favourable, they may extirpate the native 
inhabitants. 

Among invertebrate animals the molluscs are 
chiefly inhabitants of tiiQ y(«tet, ^lA ^'b x's^Ssbs^^ 
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almost exclnsiyelj so. Most of the crustaceans also 
are aqnatic. THe insects (articnlata) are for the 
most part land animals, living part of their life in 
the earth and part in the air. All are distributed in 
gronps. Some few species range widely, but the 
rest are very strictly limited, and are confined often 
to very small districts. Each species and natural 
gronp is adapted to the existing conditions, whatever 
they may be ; and if these change the race disappears, 
rarely migrating to any great distance. Still, when 
there is an opportunity, certain species occasionally 
find an entrance into a district already peopled, and 
displace the native tribes. Some insects, snch as 
locusts, whose habits are essentially migratory, range 
over nearly two thousand miles of country, but do 
not take the place of other insects. Others, as the 
tse-tse fly of South Africa, cannot cross a river. On 
the whole, the invertebrata mark with tolerable dis- 
tinctness the outlines of natural provinces. 

Of the great natural provinces, it may be sup- 
posed that oceans, great mountain chains, deserts, 
and gi'eat rivers are natural boundaries, at least so 
far as land animals are concerned, while continents 
alone separate marine faunas. To a certain extent, 
no doubt, this is the case. Few large animals, 
except some birds of powerM wing, can cross 
mountains or oceans, and the barrenness of deserts 
is an efiectual barrier. Few rivers are important 
enough to separate regions. But though to a 
certain extent this is so, there are important excep- 
tions. Some regions exist which are not so sepa- 
rated, and others seem to enjoy a community of 
animal species in ^spite of them. "No part of the 
world ia more remarkable in these exceptions than 
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the islands of the Indian Archipelago and Australia. 
The whole of the islands of Eastern Asia and the 
Pacific are in this respect worthy of careful study. 
In most countries islands possess the flora and fauna 
of the nearest continent. This is not the case when 
we have passed the coasts of Central and South 
America and entered the Pacific. Among the 
islands of the Indian Archipelago there is a line of 
demarcation, consisting of a few miles of deep water, 
only observable by its results ; and there is a similar 
line in the interior of Africa, between the east and 
west tropical coasts, although there is no chain of 
mountains to cut off the communication. Notwith- 
standing this, the faunas are very different. "No 
doubt there exist some connecting links between 
districts thus separated, but the separation is not 
the less distinct and real. 

It might be expected that in illustrating the 
various floras and faunas our illustrations should be 
drawn from the countries most familiar, but owing 
to the long-continued interference of civilized or 
semi-civilized man in these countries, they are in 
fact those least adapted to give usefril information. 
Certain races of animals seem especially useful to 
man, and most of them admit of enormous varia- 
tions, while some of the varieties are capable of 
accompanying their master to climates widely diffe- 
rent from those natural to them. Thus in Europe 
we find a mixture of plants and animals from all 
parts of the world. Our trees and plants are more 
foreign than native. The cattle we possess, if 
originally native, have entirely lost their original 
character. The sheep, if European, were derived 
from a stock of whiclci t\\e moufilou* c/l "^^^^ssssNsa^ 
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and Corsica are the only remaining examples. The 
fox, the wolf, the black bear, the badger, the wild 
cat, the wild boar, and the beaver were all once 
inhabitants of European forests. Except the fox, 
they are now almost extinct, except where the popu- 
lation is still scanty^ Of all the European quad- 
rupeds (less than 200 in number) only about sixty 
are peculiar to the Continent, and of these none are 
large. Of the birds the same may be said, the 
domesticated varieties being the most important, 
and they are all introduced. The number of reptiles 
is small, and the species unimportant. The variety 
of fish round the European shores is, however, 
extremely remarkable, and the kinds include most 
pf those useM to man. Europe is not much more 
instructive in its invertebrata than in its vertebrata 
in illustrating the distribution of animals, although, 
on careftdly comparing these, many remarkable indi- 
cations of the source of the flora and fia>una may be 
traced. 

Asia is even more remarkable in this respect than 
Europe. It includes two natural history provinces, 
one north and the other south of the great mountain 
chain. Some of the larger camivora, as the tiger, 
pass across the mountains, and range far to the 
north. Others, as the elephant, do not extend far, 
being limited to the peninsulas of India and Malacca, 
with the island of Ceylon. Others, as the camel, 
range very widely. The deer tribe, including the 
antelopes, are widely dispersed, numerous, and 
chiefly found in the western countries. Yast num- 
bers of birds of brilliant plumage and many reptiles 
ane charactenBtic, The plants are eminently charac- 
tffnstdc also. 
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Africa, with Arabia, includes two or three sub- 
provinces, forming one great kingdom. Africa is 
exceedingly rich in quadrupeds, especially cami-* 
vora, mmiiuuits, and pachyderms, and in monkeys. 
There are about one-fourth of the whole number of 
known species found in Africa, and a largo propor- 
tion are confined to that continent. Birds are also 
exceedingly abundant, and their plumage very bril* 
liant, while reptiles, though represented by some very 
remarkable serpents and by crocodiles, are not so 
abundant. Insects abound, and are characteristic. 

Another very distinct province exists to the south- 
east of Asia, connecting the plants and animals of 
Asia with those of Australia. But the mixture is 
very imperfectly effected. Orchids, zamias, baboons, 
tree ferns, and numerous tropical fruits, the india- 
rubber, or caoutchouc tree, the camphor tree, and 
many others, mark the Asiatic characteri Across a 
sea fifteen miles wide we reach the comparatively 
poor and barren flora of Australia, accompanied by 
the singular array of kangaroos and other pouched 
animals, representing in a strange way the faunas of 
other parts of the world. 

America, although one in many respects, and 
having not a few species and many genera common 
almost throughout the continent^ in spite of its vast 
extension in latitude, has great differences, both of 
vegetable and animal life, corresponding with its 
varied climates. Brazil is a country that is exceed- 
ingly rich in life, and is a sub-province of consider- 
able importance. But all tropical America is 
remarkable. Its quadrupeds ftre few and poor, but 
its birds are remarkable for size and strangeness of 
form. The turkey, now so coTsnskJCrti Ssjl "^soiSj^i^sRkOA 
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from Mexico ; the condor of the Andes is one of the 
noblest of birds of prey; the humming-birds are 
nnrivalled. B/cptiles are very abundant, and many 
of them poisonous. Most of them are not only 
different in specific character from those of other 
countries, but there is little or nothing beyond 
general structure to identify them. Sub-proTinces 
exist in North America. 

Besides these principal divisions, there are very 
many subdivisions containing natural Hstorygronps. 
Almost every country exhibits some of these. Large 
countries frequently exhibit several. Here and there 
dotted about the world are spots which seem to be 
the birthplace of some curious group or rare species. 
From this the species extends alone, or accompanied 
by others, with more or less vigour, and thrusting 
out others as it advances. The whole world seems 
peopled in this" way. Plants and animals have taken 
advantage of every opportunity to establish them- 
selves at the expense of their neighbours. As the 
seasons change, as the conditions of life in a district 
alter, so do the plants and animals become modified. 
This is the great struggle for existence, and this kind 
of struggle has always gone on from the creation of 
the world. In this great struggle every Hving thing 
enters and takes its place according to its strength 
and resisting power. Certain tribes, assisted by man, 
make their way, and establish themselves in spite of 
natural conditions, but they only do so as long as the 
assistance is granted. 

It must not be lost sight of that animals, as well 
as vegetables, are distributed in vertical space accord- 
ing to the same general law as that which affects 
^hem in regsurd iiO latitude. Thus, in rising to a high 
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table-land, or on the slopes of a higli mountain, the 
replacement is in a general sense similar to that ob- 
served in passing from a latitude near the equator 
fco one near the pole. Thus the monkey, which is 
found in Africa, near the equator, up to a height of 
12,000 feet, barely reaches the level of the sea in the 
latitude of Gibraltar. In Europe, as in Asia, the 
ruminants, of which the goat and sheep are repre- 
sentatives, reach generally almost to the snow-line 
in aU latitudes, at whatever elevation the snow-line 
may be. Even birds obey this law ; and among fishes 
and other inhabitants of the water, depth corresponds 
to height in determining the corresponding regions. 
Thus the distribution of plants and animals in space, 
although it seems at first to involve many intricate 
and troublesome problems, really resolves itself into 
a question of favourable conditions of existence. The 
introduction of life takes place where circumstances 
are favourable for the development of the germs 
which appear to be everywhere present. The nature 
of the life is to a very great extent determined by 
the temperature, the moisture — ^in a word, the climate. 
This is not the same in any two stations, nor does it 
remain the same for long together. Thus species are 
being continually altered, destroyed, and replaced, 
and this constant change is the law of nature, not 
in any sense the result of accident or an occasional 
incident in the history of the world. 
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CHAPTER IX. 

DISTRIBUTION OF THE HUMAN RACE. 

The position of man on the earth is very peculiar. 
He is one of its later inhabitants, and appears to 
exercise a disturbing influence of a different and 
much higher kind than any other animal. He is 
also much more independent of change of climate 
than any other animal of complicated organization. 
Capable of advancement in civilization under certain 
circumstances, and most capable of enduring change 
when most civilized, the human family seems now 
divided into certain natural groups, having very 
strongly marked characteristics, and among the rest 
a very different susceptibility to civilization. But 
this, after all, may be more apparent than real, for 
it is one of the peculiarities of the human race that 
its members may remain in a state very little re- 
moved from intelligent quadrupeds or monkeys for 
to indefinite time, and then suddenly, and with great 
rapidity, start into a high condition of intellectual 
activity. Thus, in the study of the human race and 
its influence, we are met at the outset by great diffi- 
culties, which are not easily mastered. 

The human race, in a savage or uncivilized state, 
appears to have existed on the earth for a very long 
period. Existing records go back only a few thou- 
sand years (five or six thousand), at which time the 
race, or some families of the race, had already grown 
out of barbarism into intelligence. T\ietQ 'were then 
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races who cotQd and did cultivate food-plants, use 
mechEinical powers in building, and exercise much 
ingenuity to escape from their enemies. This de- 
gree of intelligence was at that time very well estab- 
lished in several districts ; and very soon after- 
wards there is proof that many of the distinctive 
marks that characterize some of the families of men 
existed as strongly as they have done since and do 
now. These include peculiarities of structure and 
colour. Whether they are essential, and mark what 
is called species, it is not necessary here to consider. 
They exist, and by them we still distinguish the dif- 
ferent divisions of the human race. The pyramids 
of Egypt, and human remains found in caverns, are 
among the most instructive monuments in these 
matters. 

It appears from discoveries made in gravel and 
caverns, that man lived in Europe when the climate 
admitted of the existence at the same time in Southern 
Europe of the reindeer and the elephant. The cli- 
mate must then have been totally different from any 
existing European climate, and since then many old 
species of the animals of the period have become 
extinct. The men of those days, after remaining 
apparently without much improvement, while great 
natural changes were going on, and migrating, it 
may be, from time to time in search of food to fresh 
countries, either died out and were replaced by others, 
or it may be that the higher faculties of these same 
races were at length awakened, and intellectual 
growth commenced* To their mere animal power 
the earlier races added the use of natural agents; 
they domesticated and employed certain tribes of 
animals; they ctdtivated tb© VwiA.*, ^Sc^srj X^fe^fis^ Vr^ 
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build in a style capable of enduring through many 
generations; and thus commenced the history which 
has now been going on for many centuries, and which 
has resulted in the extreme advance of a few races, 
with Httle change or improvement in many large 
natural families. 

But when we endeavour to make out how far the 
human tribes of different countries resemble each 
other, and wherein they differ, we are once more in- 
volved in great difficulties. The people of England, 
in their present state of civilization, differ from those 
of France. There is such a thing as national cha- 
racter, and each nation possesses its own. Even the 
national character of the English, Welsh, Scotch, 
and Irish, all inhabiting one small group of islands, 
is known to differ exceedingly. This may be ex- 
plained by saying that the people are differently 
derived, but this only throws back the difficulty 
one step farther. Who were the ancestors of these 
peoples ? Whence did they come ? and why did they 
occupy these islands? These are questions that 
cannot be answered by any historical authority, and 
we are reduced to study the only records that really 
remain — ^the roots of the languages they speak. Thus 
the department of Physical geography we are now 
considering is almost more a branch of literature 
thati of natural history. 

There are at the present time a certain number of 
groups of the human family very distinctly marked. 
They differ in actual structure, having many parts of 
the bony framework of the body, the colour of the 
skin, and the colour and texture of the hair so dis- 
tiact as apparenily to justify us in separating them 
^ species. JBnt, on the otliQX )^»sv3i) ^dfiCerenoes at 



PHYSICAL GEOGRAPHY. 139 

least as great are produced by man himself on do- 
mesticated animals, especially the horse, the dog, and 
the homed cattle. It is true that the varions groups 
differ also in the power of reasoning and in intellect, 
but not more in all probability than did the early 
races of men, before they were civilized, from their 
civilized descendants in Europe. Thus we are unable 
in this way to come to any satisfactory conclusion on 
the subject of specific differences amongst the human 
race. It is not necessary for our present purpose 
that we should decide the question. 

The following are the groups or families of men 
generally recognized : — 1. The Caucasian^ or bearded 
type, of which the Europeans of Germany, includ- 
ing Scandinavia, England, and France, are the best 
examples. 2. The Mongolic, or beardless type, 
represented by the Central Asiatics and Chinese. 
3. The Negro^ or woolly haired type, from tropical 
Africa, especially the Delta of the Niger. The 
American Indians and the Malays are sometimes 
separated from the Mongolic type, and regarded as 
distinct groups. These varieties are on the whole so 
distinct from each other that the first impulse of any 
one examining extreme cases would be to deny any 
natural specific identity. The differences are partly of 
colour, which are shades of white, yellow, red, and 
black respectively; partly of hair, either straight, 
silky, and with a wavy curl, straight and lank, or 
curled like wool; partly of the shape of the cranium, 
or that part of the skull containing the brain. In one 
group the cranium rises straight from the face, or 
nearly so; in another it goes back moderately ; in the 
third, or negro, it recedes 'considerably, and in this 
respect approaches the gorilla or monkey t^lJa^. ^V»s?st^ 
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are also differences in the structure of the pelvis and 
other bones, which in all cases depart most from the 
monkey character in those races which have ad- 
vanced most in civilization. 

It would appear either that there are different races 
of men, some naturally more capable of intellectual 
advance than others, or that the varieties have become 
BO far fixed in certain localities, owing to peculiarities 
of climate and the conditions of existence, that when , 
an attempt is now made to produce a modification, 
the inferior race dies out before the change is effected* 
This at least is the experience of all recent migra- 
tions of civilized races to countries previously 
inhabited by savages. It is quite unnecessary to 
consider here the very difficult and ^obscure ques- 
tions as to the nature of species, and the extent of 
variety that is equivalent to species, nor is it possible 
in the present state of science to decide positively 
what is the real nature and extent of the difference 
between the families of men, when or how they began 
to diverge, whether all were derived from one pair, 
or what is the cause of the susceptibility to intellec- 
tual improvement shown by some races, and of the 
apparent want of power to improve under education 
manifested by others. 

It must not be supposed that it is only those races 
with which we are most familiar at present, and who 
inhabit the countries west of the Caucasus, which 
are alone capable of high civilization. The Mongolio 
nations of China and Japan, of parts of Asia Minor^ 
and of Central America and Peru, have undoubtedly 
advanced very early and very far in intellectual cul- 
ture. Even the negro races have been among the 
greateat benefactors to inafi[kmd,\£,«jaia supposed by 
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some ethnologists, the ancient Egyptians and Copts, 
and ithe inhabitants of Palestine, the Jews, ancient 
Babylonians and Assyrians, and even the Arabs, are 
to be referred to them. To these races we owe our 
alphabetic writing, our numerals, and many other 
ingenious inventions, without which intelligence 
could hardly be communicated. The races called 
Caucasian were certainly among the latest to be civi- 
lized, and we cannot tell how much they owe to those 
whose civilization preceded our own. 

The races called Caucasian have really little or 
nothing to do with the mountain chain of the Cau- 
casus, for the inhabitants of these countries are 
Mongolio, and the races dwelling in the adjacent 
countries were derived from the negro. These races 
include a mixture of the inhabitants of the peninsula 
of India and the valley of the Ganges with those 
of the valley of the Euphrates, combined with the 
Germanic races of northern Europe. They are 
sometimes caUed Indo-Germanic instead of Cauca- 
sian. They consist of (1) the Gt)rmans of all kinds, 
including tiie Dutch and the Scandinavians ; (2) the 
Sclavonic races of Hussia, Poland, Servia, and 
Illyria ; and (3) the Mediterranean groups of Greece, 
Italy, Spain, France, and Wallachia. The Celts, for- 
merly present in abundance, and overrunning this 
country, have been gradually driven westward, and are 
now few in number. The English, or true Anglo-Saxon 
race, is a mixture of all these. The Caucasian races 
are the least numerous, and occupy far the smallest 
tract of country, but are the most influential of all. 

The Mongolic tribes may conveniently be subdi- 
vided into the Mongols proper, the Malays, and the 
American tribes. They occupy ^ ^ery Yiasc^ ^'^a*^ 'sSL 
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Asia, and originally peopled the whole of the islands 
of the Indian Ocean and the Pacific, and the whole 
continent of Australia. They also inhabited both 
North and South America. A very large number, 
perhaps even a large proportion, of the various races 
have been driven out and destroyed during the last 
four or five centuries by the colonizations of the 
Indo- Germanic people ; but they include important 
emigrant races. Several divisions of the Mongols 
have been made out. The first includes two groups : 
(1) The Chinese, Burmese, and others adjacent ; (2) 
the Tartars, Turks, Hungarians, and Laplanders. 
These two have many points in common. The second 
division includes the inhabitants of Western Asia 
and the Caucasus. The third division (sometimes 
regarded as a different type) includes the Malays and 
Australians ; the fourth, the inhabitants of northern 
(Arctic) Asia ; the fifbh, the Japanese ; the sixth 
(also sometimes regarded as a type), the American 
Indians. There are several groups of these latter 
races, some connecting with the northern Europeans 
and Asiatics by the Esquimaux, and some confined 
to Central or South America. 

The Negro type of man also presents several 
groups. The typical, or most characteristic, are the 
lowest in development. They inhabit the low un- 
healthy lands at the mouths of rivers on the west 
coast of Africa. With some variations of character 
and appearance they extend thence into the interior, 
and range both northwards and southwards, thus 
occupying the whole of AMca, and only extending 
beyond that continent when carried as slaves either 
into Arabia or to America. The southern varieties — 
ibe Kaffirs and Hottentots — are distinct, and equally 
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low in intellect with those on the west coast. The 
eastern tribes north of the equator are much more 
intelligent. They include the Gallas, the Nubians, 
and the Copts. 

The migratory instincts of the mixed races settled 
in Western Europe have been so active within the 
last few centuries, and have been so assisted by me- 
chanical inventions and the progress of trade within 
the present century, that the balance of population 
in some large tracts of the earth has been entirely 
altered. This is especially the case in North and 
South America, the West Indian Islands, and Aus- 
tralia, and New Zealand, and South AMca. The 
native population over vast tracts of the earth is 
already displaced, and has either disappeared or will 
shortly disappear. In this way the distribution of 
various races is undergoing great change. It must 
not be supposed, however, that migrations of this 
kind are new on the earth. Something of the sort 
has happened many times, even in the historic period, 
and doubtless ofben before. Certain races of men 
possess the migratory instinct almost in the same 
way that certain quadrupeds, birds, and insects mi- 
grate. They multiply, food becomes scarce, and the 
young go away in search of other and generally more 
fertile lands. Other men and animals show no dis- 
position to pass beyond certain narrow limits. Mi- 
grating races, being of necessity energetic, conquer 
the races already settled, even when they themselves 
were originally emigrants ; and thus either an influx 
of barbarism— the introduction of a rude people en- 
dowed with energy — takes the place of a less ener- 
getic race already civilized, or a civilized people 
replaces a community of savages. In the former 
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case, as wlien the nortliem tribes entered and con- 
quered Italy, the civilization of the conquered people, 
although checked and even partially lost, produced 
an effect on the Gothic and German invaders that 
ultimately resulted in the growth of an equally high, 
though very different civilization, perhaps of a more 
enduring kind. In the latter case, as when the Spa- 
niards invaded South America and the West Indian 
islands, the native tribes were almost extirpated, 
except in a few places, where a mixed race has estab- 
lished itself. In North America the Anglo-Saxon 
race has already almost annihilated the native Indian 
tribes, and bids fair to occupy the whole country 
from one end to the other. So it is in Australia 
with the least intelligent and most hopeless of 
savages, and so it will be in New Zealand with the 
most intelligent of the inhabitants of the Pacific 
islands. It is chiefly in temperate climates that this 
absolute displacement has taken place ; but tropical 
America contains very few of its original inhabitants, 
who have been replaced by a mixed race, if they 
have not been altogether driven out and annihilated. 
No attempt has yet been made to colonize India ; 
and there the impress of foreign rule is not likely to 
last much beyond the occupation itself. No Anglo- 
Saxon colonization of Central Afirica, or of the 
tropical shores of AMca, can be successful, as the 
white children bom to Europeans cannot resist the 
climate. 

The civilization of the Chinese and^ Japanese, and 
of the native inhabitants of India, is extensive, and 
of very long standing, but is less material in its 
direct results than that of the western people, and 
has long ceased to advance. These people are also 
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less aggressive, and have rarely migrated, in spite 
of increasing population. There are thns different 
kinds of civilization, depending on the peculiarities 
of character of the different people. 

Man produces great changes on those parts of the 
earth that he inhabits. Even uncivilized savages 
dwelling on the sea- side have left on the shores of 
Scandinavia and Scotland numerous hills, made up 
of the shells of the shell-fish and crustaceans and 
the bones of the animals they lived upon. With 
these vast piles are found occasionally the weapons 
and fragments of the utensils they employed. When 
men become civilized, and live in towns, they soon 
begin to cut down the timber, which originally 
clothed the great plains, the valleys, and the hill- 
sides in temperate climates ; and the removal of these 
forests has done much to alter the distribution of 
rain, and in this way has modified the climate. After- 
wards, when civilization advanced farther, and the 
cultivation of the land was seriously undertaken, the 
further result of drainage of the land tends in the 
same direction. The removal of the forests involves 
the disappearance of many animals of all kinds, whose 
natural places of abode are thus entirely lost, and, on 
the other hand, the introduction of animals of other 
kinds capable of being domesticated, and derived 
from distant countries. To replace the forests, trees 
bearing fruits available for food, or usefrd for other 
qualities, are planted where the soil is not occupied 
by the grasses, roots, and other food-plants yielding 
annual crops. In this way the birds are affected. Some 
birds and some smaU quadrupeds are destroyed as 
mischievous, others are introduced because they are 
useful, and others follow inevitably in t^e train of 

11 
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civilization, whether useful or mischievous. Even 
the insects are affected, and the drain on the supply 
of certain animals as articles of food ends by exhaust- 
ing even the vast reproductive power of nature. 
The influence of man thus unconsciously asserted is 
enormous. It acts in directions which he never 
anticipates, and sometimes can hardly follow. It is 
partly direct, but to a very great extent indirect. It 
extends much more widely than is generally sup- 
posed, and it has gone on in most countries much 
longer than we might be inclined to suspect. 

It is quite certain that the permanent climate, the 
temperature, and the various atmospheric conditions 
that conduce to form climate, are very seriously 
modified by the changes that take place when a 
country before uninhabited by man, or inhabited only 
by savages, becomes settled and inhabited by civi- 
lized cultivators of the soil. There are proofs of this 
in every country where civilization has established 
itself. The proofs in Europe are numerous add 
striking. The result is not by any means favourable 
in all cases. The forests removed have perhaps 
served as shelter for a more delicate vegetation, 
which must now fail. Winds have been diverted 
and checked, which, when left to blow freely over the 
land, would dry up and destroy, whether by scorch- 
ing or freezing, the growing crops. The general 
result is that the surface flow of rain, at one time 
greatly interrupted by small swamps and pools, now 
runs down at once to a main stream or to the sea, so 
that the earth is drier, and more readily feels the 
effect of the sun. The swamps are drained, and the 
rivers run with more rapidity, and act more power- 
^^y both in carrying down mud and sand to the sea 
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and in eating out fresh channels. The climate is 
thus rendered more extreme, and in some cases more 
severe. So clearly is this the case that in some 
places replanting has been resorted to with success 
for the purpose of restoring a climate unfavourably 
affected. When once, however, the forests are gone, 
the rainfall diminishes, and thns the springs are 
lowered. The effects extend very far beyond the 
district in which the alteration has been made. By 
confining streams to a narrow bed, and obliging them 
to follow continually the same course, the distribution 
of the solid matter brought down by the stream 
is altered, and thus the mouths of a distant river 
may feel the change produced. By the draining of 
swamps at the mouth of great streams a large tract 
of land is taken from the sea and brought under 
cultivation, and thus a muddy expanse is converted 
into a fertile country. 

Other results are occasionally seen of human oc- 
cupation. Fire is so constantly used by man in all 
countries that it cannot excite surprise if it should 
occasionally do serious injury to large tracts of 
country. There are cases on record in which many 
thousand square miles of woodland have been de- 
stroyed in a very short time by a conflagration. 
These destructive results are indeed of no lasting 
injury, for in a few years the ground is covered with 
a fresh growth ; but the trees that grow out of the 
ashes of the old forest are of a different kind, and 
thus the face of nature is changed. 

Few people are aware of the enormous amount of 
change that has been thus introduced. Probably no 
country in Europe or Asia has now the «.^^s!kfe Oecsssa^R. 
and the same eeneral dist!:T^m\A.oTL o^ ^•x^'e* «c^ 
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animals it would have had if man had not been the 
head of creation, exercising an unconscious as well 
as conscious authority and influence over all. Not 
powerful as an individual, if niere physical power is 
alone considered, he is comparatively unimportant 
till he begins to exert his superior intellectual facul- 
ties to bring about his will and intention. When 
this is commenced, he is enabled to take advantage 
of the experience of those who have lived before 
him, and also to induce his fellow-men to work with 
him when he desires to attain a great result. Thus he 
can and does (1) turn the course of rivers ; (2) drain 
lakes and produce fertile land where there was 
before only swamp ; (3) build habitations and con- 
struct walls and buildings which remain unchanged 
for thousands of years; (4) displace and render 
locally extinct a multitude of animals and plants 
which cannot make head against his approach. 

But we must remind the student that all animals 
and plants in their degree are also capable of modi- 
fying the face of nature. None, it is true, do so to 
the extent of civilized man, but this is simply because 
they are less intelligent and have fewer needs. It is 
a law of nature that a balance should be kept among 
the various forms of life, animal or vegetable. Each 
not only occupies its own place, but tend^ to occupy 
more, because the law of increase governs alL More 
seeds are sown than would replace the number of 
plants or trees of whatever kind that annually die. 
Either the young plant or animal must drive out and 
weaken other kinds, or they must be destroyed them- 
jBelves. Familiar as this is, it is not sufficiently 
remeaibered. A tree falling may alter the direction 
^f a stream, or mAj produce a B^^cni'^. Another 



PHYSICAL GEOGRAPHY. 149 

series of events may convert a swamp into a river- 
bed. A fire accidentally produced may bum a vast 
forest of one kind of irees, and immediately tbere 
will spring up a forest of another kind. A flood 
may destroy many individuals of a certain kind erf 
plants and animals, and render the ordinary habita- 
tions of many others xmfli for their use. Another 
tribe steps in, replaces them, and tends to destroy 
them. This kind of changlsf goes on everywhere 
without the interference of man. Man ^ps in and 
does the same thing, {jierhsipiSf itiOi^ systematically, 
perhaps on a larger soale, but he must not suppose 
he interferes with the laws of nature ; he merely 
follows them according io his own special nature and 
organization. The law of naiid^i ifi to |»reserve f^ 
world full of living* things adapted to their iiutrttion 
and use, by taking eai^e that each tiine there is a 
blank it shall be filled up, not necessarily by ihe^ 
young of the same, but by whatever is at hand best 
fitted for the purpose. There is no hesitation or 
delay, no waiting WhJIe the old form is replaced. 
Eveiytrherel there is something teady, and thai 
something is the best and most ibdapted to the te* 
qiilremeiit of th^r moiB«D*. Eves decay is on^ 
replacement, and death is only a name fbv another 
kind of life< 



IM>aiU 



GLOSSARY; 



OR 

EXPLANATION OF TERMS USED IN PHYSICAL GEOGRAPHY. 



AERIAL. Relating to the air. 

ALLUVIAL DEPOSITS, ALLUVIUM. (Latin, alius, to wash.) The 

material left behind by rivers in their ordinary flow. See Diluvium. 
ALP. The name given in Switzerland to the high feeding places on the 

lofty moimtain chain of that country, thence called the Alps. 
ANIMALCULE. Very minute animals. 
AQ UEOUS. Relating to water. 
ARCHIPELAGO. (Gr., arey, chief; pdcigos, the sea.) A considerable 

group of islands. 
AREA. An extended space. 
ATMOSPHERE. (Greek, atm&n, an atom ; spTujsra, a globe.) The whole 

body of the air or mixed gases surroundLog and enclosing the earth. 

The atmosphere diminishes rapidly in density or quantity of matter 

in ascending, and at a distance from the eartl^ estimated variously 

at from fifty to a hundred miles, it ceases to be appreciable in its 

action on light. After that it passes into Ether. 
ATOLL. A coral island, in which a ring of coral surrounds a circular 

pool or lagoon. 
ATOM. An exceedingly minute particle. 
AURORA. Flashes of electric light seen in high northern and southern 

latitudes, and proceeding fn»n the magnetic poles of the earth. In 

the northern hemisphere, the appearance is called Aurora Borealis ; in 

the southern, Aurora Australis. The light is seen occasionally almost 

as far as the equator, but is generally confined to high latitudes. 
AVALANCHE. (French.) A fsOl of a laige body of snow from the edge 

of a precipice or the upper part of a vaUey upon the plains below. 

Fartially melted snow, with gravel and stones, sometimes accompany 

the avalanche and form part of it. 
BATRACHIAN. (Greek, batraehos, a frog.) Relating to frogs. 
BIOLOGY. (Greek, bias, life; logos, an accoimt.) The science that treats 

of the phenomena of life. 
BITUMEN. Mineral pitch, obtained In some places in considerable 

quantities from natural sources. 
BLUFFS. (American.) The name given to the high vertical banks of 

certain rivers. 
BORE. The name given to a high-crested wave, derived from the tidal 

wave running between high Innks or cliffs, c^nsidiially narrowing ; and 

over shoals. It is not always of the same amount. It is sometimes 

cskHedeffre. 
BOULDER. A naturally roimded block of stone on or within the earth, 

but not belonging to the rocks immediately below. Boulders have 

sometimes been transported to countries very distant from the 

parent rock. 
CANON. (Spanish.) The name given in Central America and California 

to deep^narrow ravines or gorges in table lands of limestone. 
CARNIVORE, or CARNIVOROUS. (Latin, eamU, flesh.) Flesh-eator, 

or flesh-eating. 
CLEFT. An open cut or fracture in a rock, producing in many cases a 

valley. 
CONTINENTAL ISLANDS. Islands situated near a continent, and not 

separated by deep channels of blue wat(n>. ^e British islands are 

oftbJakind, 
CBATEB, (Latin, a cup.) The cup-like summit of a volcano. 
CRDST of the earth or I! ARTH'S CRUST. That wrt of the earth open 
»o observation. It includes not only the dcngMi TQBA\i«dL\»i \s^c^bQ% 
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operations and wells, but the total thickness of strata shown in 
consequence of their having been pitched up at a high angle. 

CRYSTAL, CRYSTALLIZATION. A crystal is the regular soUd form in 
which many substances tend to arrange themselves when at liberty 
to do so without interruption. Thus salt crystallizes when obtained 
from water in whidi it has been dissolved. Ciystallization is the act 
of being converted into a crystal. 

CULMINATING POINT. (Latin, culmen, the top.) The highest point 
of a mountain range. 

CURRENT, marine. A portion of the water of the sea in which there is 
a perpetual onward motion of the water at a certain rate per hour, 

aiute independent of the accidental and occasional movements of 
tie whole body of the water or of any part. There are many such 
currents in the ocean, some carrying warmer and some cooler water 
than the sea adjoining. They are of limited depth. The Gulf stream 
Is a familiar example. 

CYCLONE. (Greek, cycles, a circle.) A name given to a peculiar class 
of storms known in the West Indies as hurricanes or tomadoeSf in the 
China seas as typJioons, and by other names elsewhere. The storms 
thus named travel along a certain course, and twist round rapidly as 
they advance. The centre of the storm thus travels in a straight or 
curved line, but every other part of the storm has a corkscrew motion. 

DELTA. (The Greek letter A, pronounced delta.) The triangular tract 
of flat land deposited at the mouth of certain large rivers, where the 
fresh water, carrying down mud and stones, comes in contact with, 
and is checked in its rate of motion by, the salt water, whence the 
dep<Mit. 

DENUDATION. Wearing away by the action of water. 

DIATHERMIC. (Greek, dia, through; therme, heat.) Permitting heat 
to pass through, llie term, as applied to heat, corresponds with 
transparent as applied to light. Thus rock-salt and ice are both trans- 
Xxirent; but while rock-salt is diathermic as well as transparent, 
allowing heat as well as light to pass freely, ice, however transparent, 
allows hardly any heat to pass through, and is not diathermic. 

DILUVIUM. (Latin.) The deposit left behind by occasional floods of 
water, as distinguished from alluvium (which see), which is deposited 
from the ordinary flow of water. 

DRAINAGE AREA. A district including all the tributaries and feeders 
of a river from its sources to its outlet, and all the land from whose 
surface water runs towards any of these streams. 

DUNES. Hills of blown sand by the sea-side. 

EARTHQUAKE. A quaking or vibrating motion of the earth, fre- 
quently producing cracks in the ground, besides destroying the 
houses and other human constructions built on the surface. 

EQUATOR, EQUATORIAL. (Latin, aquatus, made equal.) The earth 
being represented by a sphere or ball revolving like a top set going 
on a table, the tquaior is the part that represents the middle ci the 
top, the upper and lower parts being the poles. The equator is a 
cmde on the earth, every part of which is at the same distance from 
both poles. At the equator, the days and nights are of equal length 
all the year round. 

EQUINOX. Equinoctial (Latin, cequuiy equal ; nox, night.) The time 
of the year when the days and nights are of equal length. 

ESCARPMENT. (B^nch, escarper, to cut steeply). A steep face ter- 
minating high lands abruptly. 

ESTUARY. (Latin, mtus, the tide.) An inlet up which the tide flows 
and ihrouigh which a river runs. 

ETHER. (Greek.) Thenamegivento an extremely diffused gas, believed 
toextend between the different planets and planetary systems through- 
out the universe. It is so exceedingly thin — ^in other words, ^e 
atoms of which it is composed are so distant— that it does not retard 
the motions of the heavenly bodies in any calculable degree, but it is 
the mediimi through which liffht and heat sx^ t<nsffiS£&i^K^-» %s:^^<iRsc- 
baps, also, the force of gravlwion. 
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FACIi^S. (Latin, the face.) The general and characteristic appearance 

of the plants and animals of a oistiict. 
FAUNA. (Latin). The whole group of animalfl naturally living within 

a natural history province. 
FJORD. (Norwegian.) A long narrow inlet from a great ocean with nearly 

vertical walls. Many of the so-called lochs of Scotland are fjords. 
FLORA. (Latin.> The whole of the plants naturally growing within a 

district or natural history province. 
FLUVLATILE. {Laiia, Jluvius, a river.) That which belongs to a river. 

FOHN. A warm local wind coming from the south, and occasionally 
blowing over the south of France, the Alps, and Switzerland. It 
blows at all seasons, though chiefly in summer. Its effect ia often 
seen in reducing the snow and causing glaciers to retreat up the val- 
ley, and it resembles the scirocco of Italy. 

FORMATION. A term used in geology to signify a complete group of 
beds or strata. 

FOSSIL. (Latin, fossilis, that which may be dug up.) This word, origi- 
nally applied to all minerals taken out of the esoth, has long been 
confined to those which contain appearances of having once banged 
to a plant or animal. 

FUMAROLE. (Italian.) A smoking crevice or crack in volcanic rocks, 
generally consisting of vaxMiur, of water, sulphurous gas, and carbonic 
acid gas. 

GALVANISM, GALVANIC. A form of electricity first made known by 
Gkdvani, an Italian physician. 

GEYSIRS. Jets of hot water issuing from the earth near the great 
volcanoes of Hecla, in Iceland. 

GLACIER. (German and French.) A stream of frozen snow overpassing 
the snow line in a mountain system, and stretching down into a 
ravine or valley, being pvushed forward by the weight of the con- 
stantly added snow, and only tei*minating at tho point where the 
melting during summer equau the whole advance ox the year. 

GLACIERE. (French.) A kind of glacier oi'ioe mass formed in some 
sheltered place during winter, and remaining there during summer, 
owing to title absence of sun and the bad conductors of neat with 
which it is surrounded. It is a kind of natural ice-house, generally 
a cavern, and always at a considerable level, though not near UmI 
snow line. 

GORGE. A narrow valley or ravine among mountains. 

GRIT. A coarse-grained sandstone. 

HARMATTAN. A cold dry wind blowing in SenegamUa oimI Gambia, 
on the coast of Africa. It is intens^y dry. 

HERBIVOROUS. (Latin, kerba, grass ; voro, to eat.) Feeding on grass 
or vegetable food. 

HORSE LATITUDES. A region oi cafana and uncertain winds in the 
Atlantic, extending beyond the limits of the trade winds. It is so 
called m>m the nuiaber ni horses lost on board sailing veaeels endea- 
vouring to transport them from Burope to America^ and Astaiaod in 
these latitudes. 

HURRICANE. See Cyclone. 

ICEBERG. A mass of ice aaid gravel or stones floating In thtf tea higS 
out of the waters. Such masses have been sepnated from lai^ 
gladers entering the Polar seas. The mass of Ice under the surCaoe 
is nearly ten times greater than that which is above the water line. 

ICE FLOE. A mass <a ice formed in the Polar seas, and drifted intd 
warmer latitudes by marine currents. Ice floes eontain no trans- 
IK>rted earth or stones. 

INOSCULATING RIVERS. (Latin, in oseula, to rndtOL) In' certain 
great streams, the tributaries at some part of their ocmrsfe connect 
tog^etJtier by natural canals. This imion te called iTtoteulatitm, 
JBOCHEIMAL LINES, (Greek, isoa, equal; eheivie, winter.) lines 

, drawn on a globe or map of the world V> coimoet places ttist have 
rar%fr^J?S^^ average winter temperature. 
lauTHERAX, LINM, (Greek, itos, eq.\ial; tlvwl, awamnet.^ IScaa^^swRn 
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ou a globe or map of the world to connect places that have the same 
average summer temperature. 

ISOTHERMAL LINES. (Greek, isos, equal ; <7^*)«^, heat.) Lines drawn 
on a globe or map of the world to connect those places on the earth 
that have the same average annual temperature, or on which the 
same quantity of heat is annually received from the sun. 

ISTHMUS. A narrow neck of land connecting a continent or large 
island with some projecting headland. 

KNOTS, in mountain chains. Portions of a chain where several spm-s or 
branches of the principal chain unite and form a small plateau or 
elevated plain, sometimes many thousand feet above the sea. The 
Andes are remarkable for these knots. 

LACMDON. A pool or lake of shallow water, generally salt. 

LITTORAL. (Latin, littus, the shore.) Belonging to the shore. 

LLANOS. (Spanish, plains.) Extensive plains in South America, partly 
covered with forest trees, and watered by the Amazon. One portion 
is treeless, others are barren, and some are grassy. 

LUNAR. (Tjatin, luna, the moon.) Relating to the moon. 

MAGNETIC STORM. A storm during which there is an interruption of 
the currents of earth-magnetism, that i)ass continually from pole 
to pole. Such storms are often coincident with great wind storms, 
and also with changes that take place in tiie body of the sun. 

MAMMALIA. (Latin, mamma, a teat.) Animals that suckle their young. 

MARSUPIAL. (Latin, m^rsupium, a pouch.) A natural group of quad- 
rux)eds, distinguished from all others by the possession of a loose 
pouch in the female, intended to receive and carry the young for 
some time after birth. All the native Australian quadrupeds are of 
thisgroup. 

METEORITES. Stones or masses of metal falling through the atmo- 
sjdiere to the earth, and apparently derived from fragmentary bodies 
in space coming within the earth's atmosphere. 

MIRAG^. ■ A singular effect of the refracting or bending of the rays of 
light that sometimes takes place when the air is greatly and irregu- 
larly heated. Objects at a distance are distorted, so that pools of 
water will apparently be seen on a desert of sand where no water 
exists. 

MISTRAL. A cold north-east wind, affecting chiefly the valley of the 
Rhone, and the parts of France and Italy adjacent, and greatly 
influencing the chmate of those countries. 

MONSOONS. Periodical winds blowing in the Indian Ocean and Aus- 
tralian and China seas, representing the trade winds of the Atlantic. 
Similar winds blow on the coast of Mexico. The monsoons blow on 
the north of the equator, from the north-east, from October to March 
(winter), and from the south-west from April to September (summer). 
In the southern hemisphere, they blow ft-om the south-east from 
April to September (winter), and from, the north-west from October 
to March (summer). 

MORAINE. (French.) The stream of gravel and stones found on a 
glacier. These stones are derived from the weathering of the rocks 
above. They are distributed through the mass of the glacier, and 
are always visible owing to the gradual melting and disappearance of 
the snow and ice that forms the glacier. 

NEAP TIDES. See Tides. 

NEVE. The name given in Switzerland to the unfrozen snow in the 
^upper part of a glacier. The n^v^ is tiie feeder of the glacier. 

NITlCOGEn. (Greek.) The name of a very important gas forming four- 
fifths of the atmosphere. The various compounds called nitric and 
nitrous acids, and nitrates of various kinds, are hence derived. 

NODULE. A rounded or almond-shaped portion in the interior of a rock 
produced by some chemical chai^ after the mass of the rock had 
heaoL formed. 

NORMAL. Original. The normal state is the condition ot ^scc^ x^s^^xm^^ 
group which has undergone chsdoi^ ofi ^ox(i<tti^N.<sa&o'ci\)^<scxk'*0&& ^oaeis^^^ 
commenced. 
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NUCLEUS. A central atom or aulwtance round which ether atoms of the 

same substance collect. 
OASm. A small cultivated spot in a desert. The cause of an oasis ia 

generally the presence of a sprinsr. Oases generally contain a few 

palm-trees and some other yegetation. 
ORGANIC BEINGS. Plants or animiOs, these being living things that 

possess what is called " organization." 
ORGANIC REMAINS. The remains (showing the structure) of any 

plant or animal found fossiL 
OXYGEN. (Greek, oxys, sharp, &c.) The name of the substance most 

widely extended and most essential on the earth. The name is 

derived from the fact that almost all acids contain this gas as an 

essential ingredient. 
PACK-ICE. Ice formed in the Polar seas by the freezing of salt water. 

Such ice is sometimes drifted into warm latitudes by marine ciurents. 
PAMPAS. Vast treeless plains in South America, partly pastoral, partly 

agriculturaL Millions of horses and cattle are fed un these plains. 

The northern part is crossed by rivers, but there are none in the 

south. There are many shallow pools of salt water on these plains. 
PAMPERO. (Portuguese.) A storm wind of the nature of the cyclono 

occasionally blowing across the Pampas of Brazil, whence its name. 
PELAGIC ISLANDS. (Gr. pelaoos, the sea.) Islands in an open ocean. 

The South Sea Islands are of this kind. 
PENINSULA. (Latin, pene, almost ; insula, an island.) A considerable 

tract of land projecting from a large island or continent. 
PBPERINO. (Italian. )A kind of natural cement of volcanic ash, sand, 

and chider. 
PETROLEUM. Mineral oil resembling naphtha, found sometimes in 

veiy large quantities in the earth, and much used for burning. 
FHEN(5mEN0N ; Plural, Phenomena. iGreek.) A natural appearance. 

A natural fact observed and studied. Thus the rainbow is a 

phenomenon. Rain itself is a phenomenon. The rising and setting 

of the sun, eclipses, &c., are astronomical phenomena. 
PHYSICS. (Qreek, phyae, nature.) The science which considers and 

explains natiuul phenomena. The term is used in reference only to 

those phenomena which do not involve life. The phenomena of life 

arc treated separately, and are considered to belong to natural history. 
PLATEAU ; Plural, Plateaux. A high table land. See Table Laio). 
PRAIRIE. (American.) Very extensive tracts of rolling or hilly ground 

in North America, for the most part grassy and easily ciiltivable. 
QUADRUMANA. (littin, quatuor, four ; manis, a hand.) Four-handed 

animals. The monkey tribe. 
QUADRUPED. (Latin, qtutttun-, four ; pes, a foot.) Four-footed animals. 
RADIATION. The passage of particles of matter or forms of force, such 

as light or heat from a body when the passage takes place in every 

direction at once. Thus a star radiates light, and a red hot cinder 

radiates heat. 
RAVINE. A narrow mountain valley. 
REEF. A ridge or ledge of submarine rock rising nearly to the water's 

edge. 
REPRESENTATIVE SPECIES. Species of plants or animals in distant 

countries having similar climates which perform the same or a corres- 
ponding port in nature. Thus the puma of South America represents 

the lion of the Old World, and the llama the camel. 
RIVER BASIN and RIVER SYSTEM. The whole extent of coxmtry that 

supplies the water running into the sea by a single river and its 

tributaries. 
SAVANNAH. Plains on the banks of the Mississippi covered with long 

grass and a few trees, but now largely cultivated. 
SCHIST. A rock that splits readily but not regularly. Slates split with 

regularity, and are pure, or nearly pure, clay. Schists contain more 

sand and grit. 
SCIROCCO. (Italian.) A hot south wind blowing over many parts of 
JSurope. Jt is believed to proceed from the great desert of Africa, 
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and cross first the Atlas mountains and then the Mediterranean se?. 
It has a peculiar effect on the human frame. 

BCORIiE. (Latin, ashes.) The name given to the fragments of cellular 
lava forming at the top of a cooling mass proceeding from a volcano. 

SHALE. A variety of slate that consists of nearly pure clay, but which 
splits imperfectly. 

SHINGLE. Rounded stones forming the gravel on the sea shore. 

SHOAL. Shallow. Sand in the sea rising nearly to the water level. 

SILVAS. (Portuguese.) Wooded plains, forming a part of the Llanos or 
great plains of the Amazon in South America. The forest comes to 
the water's edge, and the country is covered with the richest vege- 
tation and crowded with animal life, but almost without human 
inhabitants. 

SIMOOM. (Sometimes called Samiel.) The name of the hot storm wind 
from the desert that crosses Arabia. 

SLATE. A peculiar variety of clay rock, splitting into very thin and 
hard sheets. 

SNOW LINE (sometimes called limit of perpetual snow). The limit of 
height at which snow is permanent throughout the year. Although 
in £dl cases, except in the tropics, the actualheight varies from simimer 
to winter, the mean or average height remains very nearly the same. 
It varies with latitude, the height being generally greatest at the 
equator and disappearing in the arctic circle ; but there are some 
remarkable exceptions, especially in the Himalaya mountains. 

SOLFATARA. (Italian.) A crack in the earth whence proceeds occa- 
sionally or constantly a quantity of vapour of water, with which is 
mixed much carbonic acid gas and some sulphurous acid. Sulphur 
is sometimes deposited at the orifice whence the Vcipours issue. The 
smell of sulphur is veiy powerful. 

SPECIFIC CENTRES. The parts of the earth from which, according 
to some naturalists, important sx)ccies, or groups of species, took 
their origin, and whence they spread in every direction. 

SPHERE, SPHEROID. (Greek.) The shape of a ball. A sphere is a 
solid whose suriace is everjrwhere at tne same distance from the 
central point. A spheroid a solid not accurately spherical, but 
approaching and resembling a sphere. The earth is said to be an 
oblate spheroid, or a sphere flattened at two opposite points. It 
resembles in this respect an orange. 

SPRING TIDES. See Tides. 

STALACTITE. (Latin.) Stone formed in a cavern or cavity by the 
dripping of water from the roof, the water contAining some mineral, 
as limestone or flint in solution, and the evaporation of part of the 
water taking place before the drop has fallen. In this way a kind of 
column is formed from the roof of the cavern. Sometines thin 
sheets of stone are formed by a number of drops (dose together from 
a narrow fissure. 

STALAGMITE. (Latin.) Stone formed in a dripping cavern by the 
evaporation of the water containing limestone or flint on the floor 
after the drops have fallen. Stalagmites form on the floors of caverns 
beneath stalactites, and sometimes rise half way to meet them, 
and make a complete column. 

STEPPES. The name given to the great plains of Eastern Europe and 
Western and Northern Asia. They are covered with vegetation 
during -part of the year, and yield large crops under com cultivation. 
STRATUM ; Plural, Strata. (Latin.) A bed or layer. Each layer of 
mud or sand deposited by water is called a stratum, and a number 
of layers together are called strata. 
SUBAQUEOUS. Under water. 

SUBMARINE. Under the surface of the waters of the ocean. 
TABLE LAND or PLATEAU. A tract of high land, level or only inter- 
rupted by hills and intersected by ravines, smd having a general 
elevation many hundred or thousand feet above the sea. Table 
lands differ from low plains chiefly by their average height above the 
Bvii. Thus the mean elevation of the table land of Ppain is 2,000 fee t. 
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and of Thibet 15,000 feet. The elevation of low plains does not 
average so much as 200 feet. 

TALUS. The natural slope produced by the faUing away of the upper 
part of the steep face of a hill or escarpment. 

THERMAL. (Greek, tJierrn/). Warm or hot. Thermal springs are warm 
springs, or springs of warm water. 

TIDJ3. A periodical movement of the ocean by which the water is con- 
stantly rising or falling, rising for seven hours and then falling about 
five hours, ttll it attidns the former level of low water. The move- 
ment is originally caused by the moon's attraction, but the actual 
phenomena are very complicated. The great tide wave originates in 
the Pacific, whore alone there is a large uninterrupted space of 
water. Spring tides are the extremely high and low tides occurring 
soon after now and full moon. Neap tides are the tides after the first 
and third quart^er of the moon, when the amoimt of the tide is 
smallest. 

TORNADO. See Cyolone. 

TRAVERTINE. A peculiar form of limestone produced when water 
charged with canwnate of lime is evai)orated. It is very abundant 
in Itialy, and forms sometimes a building stone. The particles of 
limestone generally collect and arrange themselves during evapora- 
tion on some minute organic body. 

TUNDRA. The low flat Itmds of Scandinavia and Northern Russia are 
thiis called. 

TYPE, TYPICAL. (Greek, typos, a form.) Among plants and animals, 
those species that represent what are regarded as the essential and 
characteristic peculiarities are called types, or typical forms. 

TYPHOON. See Cyclone. 

UPHEAVAL. The elevation of a part of the earth in consequence of 
some force thrusting up from below. 

VARIATION of the compass. The compass needle does not often point 
true north in any part of the world, and the diflference between true 
north and compass north varies continually : this difference is the 
"variation of the comi)ass.'* At present, in the south of England, it 
amoimts to about 26°. The needle now ^ints 26° west of true north, 
or nearly NNW. The annual change is very small, but tends to 
I diminish the amount of the variation. 

VOLCANO ( Vulcanus, Vulcan). A conical hill or mountain, with a cup- 
shaped depression at the top called a crater. From ihe crater, or 
from cracks in the side of the Mil, steam, various gases, stones, 
! and molten rock, pour out from time to time. The mountain is 

I generally made up of the materials erupted, which have fallen back 

I on the earth. 

I • WATER SHED or WATER PARTING. {Qermeai, teasser, water ; scheide, 

parting.) The line drawn to connect the points that separate two 
adjacent drainage areas. 

WAVE. The motion produced when a fluid or gas is disturbed. Owing 
to the nature of liquids and gases, motion is communicated to them 
gradually, and not at once. Thus is produced in fluids a heaving and 
sinking of the surface, extending for a long distance, and in gases, 
or the air, an alternate advance and retirement of large bodies of 
the gas. There are several kinds of wave motions, some involving 
a movement in space of large quantities of the substance set in 
motion, others merely producing a motion among the particles, with- 
out any advance or retirement at all. 

WEATHERING. The destroying effect of rain and frost and of the 
other conditions of the air that affect the weather. By these causes 
exposed rocks are split, broken and carried aw^, and to them indeed 
the whole face of nature as we see it is due. Weathering is the final 
change induced on rocks, after they have been lifted up and exposed 
to water action. 

ZONE. A belt. The earth is divided into zones by ideal lines parallel 
to the equator. Nearest the equator, on each side, is the torrid zone. 
Ifeareat the poles are the frigid zones. Between the torrid and the 
Mlg^ are the temperate zones. 
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